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* . OUGH the works of eminent men are the: moſt 
durable monuments of their fame, yet the inquifitive 
mind is not always content with reading or underſtanding a 
work of genius, or contemplating the beauties of 2 fabric. 
bus, in peruſing a work of diſtinguiſhed merit, or view. 
ing an ingenious piece of mechaniſm, when the firſt tranſports 
of our admiration ſubſide, we tv bet eee, ths 
author or artiſt, - So the Marquis de l' Hoſpital, when he 
FHrſt heard of the diſcoveries of the immortal Newton, ex- 
claimed, « Does Mr. Newton eats drink, and ſleep Dy like 
, other men?” Anecdotes alone can ſatisfy” this laudable 
| curioſity; but it has been a complaint, too often well found- 5 
| ed, that moſt of thoſe concerning men of ſcience are 1 
ly buried in oblivion. It is owing to this neglect that one 
of the greateſt mathematicians this age has given birth to 
now lies undiſtinguiſhed in a little country church-yard; 1 
mean, the great Mr. Emerſon, who has enriched: ſcience 
with ſo many valuable publications. © 
What has already e reſpecting the ſubject of the 
: following ſketch, is, for the moſt part, of a political nature 
indeed, his life was an active one; but he joined and 
5 practice; and, though Holland may boaſt a Coeborn, and: — 
a Vauban, yet England can boaſt their fupeniars i in a Robins a 
and a Watſon. 
HENRY Wa rec was the tba of 5 who lived 0 ED, 3 
FHolbeach in Lincolnſhire, where he was born in or about. 
tze year 1737. . deere, ve,, 0nd; he was 1 
5 8 to Gitbelton ſchool, then kept by Meſf. Birks. Here his 
genius for the mathematics ſoon diſcovered: itſelf; and his 
application was ſo great, that, it is ſaid; in a little time he ſur- 
yy his'maſters; indeed, his ee e muſt have been rapid; 
for, as early as 1753, he cut a c picuous Hgure as 2 mathe- 
matician in the Ladies Di 4: ip 
_— o_ this time the late Mr. Whichcot of Harpſwell, then 
years after one of the Members of Parliament for 
e W . abi- 
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\ liries, ſent for hid; and had him da by the maſter of 
Brigg ſchool; whoſe report was ſo much in his favour, that Mr. 
Whichcot, ever ready to encourage riſing merit, uſed his 
Intereſt and got him into the Royal Academy at 'Woolwick 
and he ſoon after obtained, a commiſſion in dhe cares of En- 
* 5 i! 
Under that great aattemariga: Mr. an Simpſon, 
en the profeſſor, he proſecuted his ſtudies, and continued' 
to write for the Ladies Diary, which at that time was con- 
ducted by Mr. Simpſon, ti all 1761, the year after Simpſon 
died.” After being the ſcholar, he became the friend and in- 
timate, of Simpſon, who always held him in the greateſt eſ- 
teem; and fuch was his opinion of Watſon's abilities, that 
at his deceaſe he left him his unfiniſhed mathematical papers, 
with a requeſt that he would reviſe them, and make what 
alterations and additions he might think neceſſary; and, it is 
Wo oh faid, that the Colonel employed much of his leifure-time in 
___ CorreCting and finiſhing them. One of theſe manuſcripts: of 
Simpſon, I am told, is a Treatiſe on the Conſtruction of 
Bridges; this the Colonel has finiſhed, and, it is hoped, that 
the e world will not be deprived . 
During the war, which broke out in 1756, he gave ae 
proofs of his ſuperior abilities as an engineer ; particularly at 
the ſiege of Belleiſle in 1761, and at the Havannah in 4 
At the latter place his ſkill was particularly put to the proof; 
for, having declared at a conſultation, contrary to the opinion 
of the other engineers, that a breach might be made in the 
Moro Caſtle, then deemed impregnable, he was aſked by the 
commander in chief, in what time he would engage to make 
the breach? He gave for anſwer, that with a certain number 
of men and cannon (naming them) he would undertake to 
do it in forty-eight hours after the propoſed batteries were 
erected. Accordingly he undertook it, and though he was 
ſtruck down by the wind of a ball which paſſed near his 
head, and carried for dead to his tent, yet he ſoon recovered 
and returned to his duty, and the breach was made in a lit- 
tle more than half the time. For this piece of ſervice he not 
only received the particular thanks of the commander in 
chief, but of his Majeſty. . 
His abilities ſoon became too conſpicuous to be tees. 
ed by that eminent ſoldier and politician, Lord Clive, who 
. ſingled him out as an engineer qualified for great and noble 
1 egnterprizes. Accordingly, he accompanied his Lordſhip to 
= 3 Bengal, for the * of "carrying ſuch” plans into execution 


\- 


as might be thought neceſſary” for the preſervation of he 
Britiſh acquiſitions in that quarter; or to aſſiſt his lordſhip 
in any farther operations he might think requiſite for the 
J. Ä ; 
It was not difficult for a perſon of the Colonel's penetra- = 
tion to ſee the advantageous ſituation of the Bay of Bengal. | 
He knew that if proper forts were built, and the Engliſh marine 
put on a tolerable footing in that part, they might ſoon” be- 
come maſters of the eaſtern ſeas ; he, therefore, got a grant 
of lands from the Eaſt- India Company for conſtructing wet 
and dry docks, and a marine yard at Calcutta, for cleanſing, 
_ repairing, and furniſhing with ſtores, the men of war and 
merchantmen. A plan of the undertaking was drawn, en- 
graved, and preſented, to his Majeſty and the Eaſt-India 
Company, and fully approved of; and the works were cars- 
* ried on for ſome years with a ſpirit and vigour that manifeſt- 
ed the judgement and abilities of the undertaker; and, though 
the utility of ſuch a great and national concern is too ob :- 
ous to be inſiſted on, yet the Colonel, after ns. upwards 
of 100,000l. of his own property in the noble de ign, was 
obliged to deſiſt, to the eternal diſgrace of this nation. 
It is very natural for the reader to aſk, why the Col. was 
Ropped in his proceedings? Time, perhaps, may anſwer this 
queſtion; at preſent we muſt be content with conjectures. 
It is well known, that about this time the French had ſuf- 
ficient reaſon to be jealous of e ee power of. Great 
Britain, eſpecially in the Eaſt-Indies; and it is alſo as well 
known, bow Lord Clive and his friends were treated both at 
home and in the Eaſt-Indies after the Earl of Chatham's ad- 
JJ; ĩ CR Wo Oo i TP 270 
Col. Watſon had determined to come immediately for Eng- 
land to ſeek redreſs; but, on conſulting his friend, Me, . 
_Creafly, (the ſuperintendant of his works,) he changed his -. 
_ reſolution. Mr. Creaſſy repreſented to the Colonel theloſs he 9 
would ſuſtain in quitting ſo lucrative an employment as chief 5 
engineer to the Eaſt- India Company; the gratification his ; 
enemies would receive on this leaving that country; the ex- _ 
pences attending a voyage to and from Europe; the loſs the 
Company might experience during his abſence ; and, finally, 
__ the delay ak uncertainty of the , ory Theſe conſiderations 
induced him to ſend Mr. Creaſſy in his ſtead. - This happened 
Juſt at the eve of the laſt Spaniſh war; and, as the Colonel 
had great quantities of iron and timber in ſtore, he reſolved 
to build three ſhips, two of 36 and one of 32 guns; and 
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with them over land. Theſe veſſels were to cruiſe off the 


mains to this 


in conſequence he: ſem inſtructions ta his agents in England 


Fx 
. 


to procure Letters. Margus; and Mr. Creafly was to return 


Philippines for the purpoſe of intercepting the Spaniſh trade 
between Manilla and China. The defign, however, was 
fruſtrated, perhaps by the ſame means that ſtopped his pro- 


desding with the docks; for, his agents, on applying for the 
letters, received a poſitive F plying for t} 


But theſe diſappointments did not damp the Colonel's enter- 
priſing _ _ ” ſoon as * of he ill ſucceſs of his 
agents in England, he very. prudently employed the two veſ- 
ſels he had finiſhed in eee The tllird re- 
Perhaps the Colonel has not left his ſuperior as an engi- 
neer. For near ten years he was the chief engineer of Ben- 
gal, Bahar, and Orifla, The Eaſt-India Company, in a 
great meaſure, owe their valuable poſſeſſions in that quarter 
to his unexampled exertions; for, in ſpite of party diſputes, 
of bribery on the part of the nations then at war with the 


company, and of the numerous cabals which perplexed and 


embarraſſed their councils, he executed the works of Fort 


William, which will long remain a monument of his ſuperior 


ſkill; and, for its ſtrength, may juſtly be ſtiled the Gibraltar of 


India. Nor are the works at Buge Buge and Melancholy Point 


conſtructed with leſs judgement... 


But he did not confine his ſtudies to the military | ſciences. | 


their profeſſion.” \ © 


_ Treatiſe, entitled, . Thlorie complette de la Conſtrufiion et de 


c Maneuvre des Vaiſſaux.” His motives for this under - 


taking will be ſeen beſt in the following extract from the 


dedication to Lord Sandwich. gg 
„ The great variety of important knowledge contained 
in Euler's Theory the Cunſiruction and Management of Ships, 
and a wifh-to extend the benefit of his labours to ſuch of my 


countrymen as are not converſant in the technical language 


of the original, have been my ſole motives for attempting an 
Engliſh tranſlation of that celebrated work. I ſhall be hap- 
py if the ſucceſs of the learned profeſſor, in treating the na- 


tural difficulties of the ſubject, may excite the navigators 


and artiſts of this kingdom to render his theory more per- 
ſect, and to become as eminently ſkilled in the ſcientific, as 
they nom confeſſedly are in al the practical, branches of 
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NR 
bis Ae 4s divided into three Books, beſides a Supy 
ment. Boot 1. is upon the regen lat 
 veſſel;—— Upon the means of giving to veſſels a ſufficient 
W degree of ſtability. pen the rolling and pitching of vel - 
ſels.— Book 2. of the reſiſtance which veſlels experience in 


Mo their courſes, and upon the aRion-of the-rudder.—Boek 3. 


Upon the maſts, and ef the management of veſſels. "The 
Supplement is upon the action of cars. This the Colonel 
received in manufcript from Euler juſt before he had finiſhed 
the tranflation of what was publiſhed. But the Colonel has 
not given a mere tranſlation ; for, he has enriched ät with 
many additions and improvements of his on; and he in- 
tended to have enlarged the work in a future edition, by ma- 
king experiments for diſcovering the reſiſtance of bodies 
when moving in a fluid; but I have not . able to learn ĩf 
he has left any papers on the ſubject. en —'J 
This book, which is almoſt the only one of the kind in 
the Engliſh language, ought to be in the hands of ever, 
Maſter ſhip-builder; for, though the ſubjects are handled 
ſcientifically, yet fuch practical rules for eonſtructiag veſſels 
to advantage might be drawn therefrom as would mply te. be 
pay the trouble of a cloſe peruſal. The Colonel has given 
the beſt proof of this in the Meßtub and Surprize ns 
the firſt ef 36, and the other of 32, guns. - Theſe were 
built under his particular direction by Mr. G. Louch; anda 
few black carpenters at Bengal, at his -own- expenee, and 
have proved the ſwifteſt ſailers of any ſhips * known, g 
The Cdlonel's genius was formed for great undertakings. 
He was judicious in planning, cool and intrepid in Klan. 


and undifmayed in danger. He ſtudied mankind, and was 


a good politician, Few, perhaps, better underſtood the in- 
tereſts of the ſeveral nations of Europe and the Eaſt; He 
was humane, benevolent, and the friend of indigent genius. 
His friendſhip and generoſity towards Simpſon's widow is 
well known, And, when Mr. Rollinſon, a man of great 
Abilities as a ee conducted the Ladies Diary. 
after the death of Mr. Simpſon, and was barely exiſting —_ 
Pittance allowed him by the Stationers Cs, the Colonel 


% fought and found him i in an obſcure lodg rouſly 
relieved his neceſſities, thougha ſtranger ge as. A e e Thi 


the. old man related — e of gratitude ſtole dg 
his cheeks. He ſurviyed the Colonel's bounty but a ſhort time. 
By long and hard ſervice in an unfavourable climate, he 
n his health much 8 two or three years before 
he 


he left India; and, therefore, in 1785, he put his affairs in a 
train af ſettlement, in order to return to England, not only 
to try the effects of his native air, but to proſecute the E 
India (umpany for not ſupporting the faith o | 


— Ge 


"i 
had ſolemnly, made to him for the dock-yard. 


the fluꝝ, and a bilious complaint with which he had ſome- 


his voyage in that ſhip. This iſland is remarkabl 

2 its air; of which the Colonel ſoon found the be- 

nefit; 

tience to ſee England, got the better of his prudence, for, 

as ſoon as he began to gather ſtrength, he took his paſſage in 
the Aſia; the conſequence, was a relapſe, which weakened 

him to ſuch a degree by the time he arrived at Dover, that 
he lingereèd but a ſhort time, and at that place departed this 
life on September 17, 1786. 


% 


times been afflicted, ſo much reduced him by the time he 


had reached St. Helena, that he was not able to 1 8 
le 


t the importunity of his friends, or his own. impa- 


. PEE : FP 
le was buried ina vault made in the body of the Church at, 
Dover, on the 22d of the ſame month, in a private manner; 
only three of his confidential friends attended the funeral, 
namely, John Barchard, Eſq. his agent, Mr. James Creaſſy, 
and Mr. George Louch, Weir * 
It is to be hoped that the Colonel's plan will ſtill be carried 
into execution; but it is much to be regretted that he was not 
permitted to finiſh it himſelf; his knowledge of the country, 
joined to his great i ſkill, in a little time muſt have laid the 


foundation for a ſuperiority of the Britiſh arms in the Eaſt; 


and therefore his death may be accounted a national loſs. No 
Engliſh engineer, ſince Mr. Benjamin Robins, F. R. S. poſ- 


3 


ſeſſed equal abilities. The ſame climate proved fatal to both; 


* grant they 
Em rd. In the ſpring 
.of 1786, he embarked on-board the Deptford Indiaman ; but 


for the + 


| 
: 


Mr. Robins died at Madras in the Company's ſervice; ne - 


may be ſaid of the Col. that, after he had quitted it, he lived . 
but juſt long enough to bring his bones to England. The 
life of the former has been written by men of literary reputati- 

on, and it is the wiſh of the writer of this haſty ſketch, that a 
a more able pen would do juſtice to the diſtinguiſhed merit of 
77072! nt 7 odd dro 1 
( The above ſketch is copied from the European Magazine 
of December, 1787, a work of great character in the literary 
world.) A ſeries of original papers,..on the improvement of 
the art of ſhip-building, is now publiſhing in the above Ma- 
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« Diet bv NA 1 1 3 
8 11 = 4 J 
* 2 CG, e $a 
ils Bo" Ferry, 
HIS IMPERIAL HIGHNESS | 
n " 22 3 F 5 : ; ; 
onA DUKE-.OF, ALL THE RUSSIAS, 
REIGNING: DUKE or $LESWICK HOLSTEIN — 
1110 8 RE AT ADMIR AL. OF Rus 81 K I 15 | 
| : 70 & Re 7 1 1 ; 118 * 1H I 
HIS,1 nall Work, which 1 take 90 
4 the Liberty of dedicating to | 
| your Imperial Highneſs with he | 
moſt, rofound Reſpect, treats of | "4 ; | 
Subeck which ſeems ſuffteient to | 


avigation is without 


of the moſt ſublime and moſt ofs ul 


Succeſs, yet their Diſcoveries : are ſo 93 


liable, 


TAE Ar HOR'S DEDICATION: 
Employments of the Human Mind; 


nevertheleſs, it has been hitherto al- 0 
moſt entirely neglected; ; and altho* 
' forty Years have elapſed fince Mathe- . 


maticians have laboured with ſome 1 


much enveloped in profound Calcu- 


lations, that Mariners have ſcarce | 
been able to derive any Benckis from 


them. 


1 flatter myſelf v with BORES Gland 
a Means of placing all their Re- 


ſearches within the Reach of thoſe 
who apply chemſelves to Marine Af 


fairs; and it muſt be allowed that 


an exact Knowledge of the wü Prin- 


ciples and Reaſons upon which the 
Goodneſs of the Conſtruction of Ships 


is founded, muſt conduce to render 


= Practice perfect, and to remedy | 
all the ne to which. it is Rill | 


The 


THE AUTHOR'S DEDICATION. 
The Utility which may reſult from 
this Work, has emboldened me to lay 
it at the Feet of your Imperial High- 


neſs, and I dare to hope that you 


will be Pleaſed to N the ** N 
of it. 


| 1 am with the moſt profound Re- - 
8 ſpect, e 


MY LORD 
5 0 Your Imperial Highneſs's 


maoſt humble and ; 

PI. | moſt obedient Servant N 
Peterſtoutg : 
Nov. 30, 1773. 


He * 
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HE: great Variety of important 
Knowledge contained in Euler's 
Theory of. the Conſtruction and M. — 

of Ships, and a Wiſh to extend the Benefit 

of his Labours:to ſuchwof imy: Countrymen 
as are not converſant in the Technical 
Language of the Original, have been my 
ſole Motives for attempting an Engliſh = 
T ranſlation of that celebrated Work; 1 
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ſhall be happy if the Succeſs of the learned = 
Profeſſor in treating the natural Difficulties 
of the gubject may excite the Natigatoty 
and Artiſts of this Kingdom to render his 
Theory more perfe&, and to become as 
eminentiy Skilfed in the ſcientific as they = 
now confeſſedly ate in all the n 
Branches of their Proſeſſion. 


* the 1 IM View I pre- 
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miſſioner of the Adrmijulty's by We 
Abilities: and Application the Navab Power 
of Great Britain appears, att this. Critical | 


Period, in the moſt vaſpeſtoble dan 
Condition, e 


I. e this Oppc acts | 
Aading my Duty and Affection for my 
e King 


pEDICATION 5 
King and Country, as well as the parti- ” N' 
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uy 10 1 
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in which Veſſels. are . in ra ; 
Rbricm and at Reſt. „ 


cup L. » 
of 7 . in general. 


W HATEVER 8 thete may 1 CHAP, 
V in the Conſtruction of the Veſſels which I. 
we uſe in Navigation, we always find this general 
Property, that each Veſſel is compoſed of two Pos 
Parts perfectly equal, and joined in the Mid- 
dle lengthwiſe; conſequently there is always a 
Section which divides the Veſſel into two ſimi- 

Eq B 3% 08 


\ 


k L | 4 
2 | Confreftion aid Properties of Peels. 
1 cnay. lar and 8 Parts: This Section, made Fom 


I. Head to Stern through the Middle of the 
: Veſſel, will be called the Diametrical Section; 
and that Half, which is ſituated on the Right 
] of this Section, will be «ivy Starboard, and that 
=» on the Left, the Larboard; ſuppoſing them to 
be viewed in Directions from the Stern towards 
the Head of the Veſſel, COTE IT CNIOD 


— 4s 


8 2. 
Since theſe two Parts are not only alike 
between themſelves, but as care is alſo taken to ⁵ 
load them equally, the Center of Gravity of 


= the whole Veſſel" muſt neceſſarily fall in che 

| | diametrical Section; and it is of the laſt Im- 
portance to know exactly the Place of this Point; 
1 which we ſhall hereafter call ”y the ef 

| 0 the Center of IT 

i | When the Veſſel i is 1 in its true Situa- 
ll tion, and in Equilibrium, tlie diametrical Sec- 
= tion muſt always be vertical or perpendicular 
0 n the Horizon; beſides, there will {till be a 
10 I.ine parallel to the Horizon, which paffing 
= _ through the Center of Gravity, will be directed 
= | from the Stern to the Head of the Veſſel; and 
| + we'ſhall name this Line the Principal Axe of the 
| q Veſſel with reſpef? 10 its Length; and drawing 
1 a vertical Line through the Center of Gravity, 

fly 3&! 10 a 05 1 
4 2 i N : 

i | 

| 
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it will be named the Vertical Axe of the Veſts. CHAP. 
| finally, a third Line perpendicular to theſe two I. "ok 
Axes, and paſſing through the Point of Inter- 
ſection, will be called the A of the Veſſel with 
reſpec to its Breadib. It is to theſe three Axes, 
which interſect each other perpendicularly i in the 
Center of Gravity, that we muſt pay our prin- 
| cipal Attention, when it is required to deter- 
mine all the Motions of oem Aa x" TOO. 1 is 
ſuſceptible. 1 15 4 
1 is known that the Center of Giablty | is 
the Point where the Weight of the whole 
Veſſel is collected, or through which paſſes the 
mean Direction of all the Forces of Gravity, | 
wherewith all the Parts of the Veſſel are ani- 
| mated ; therefore, having the whole Weight 
of the Veſſel, we know that it is puſhed by a 
Force equal to that Weight, whoſe "Direc- 
tion is found preciſely in the vertical Axe of 
the Veſſel, and tends towards the Center of Fs 
| the ban. ot wr 2 e e 
Beſides che ahve Axes of which” we Kee 
993 it is proper alſo to conſider three prin- 
cipal Sections in each Veſſel, the firſt of which © . - 
is determined by the Principal Axe with reſpe&  ' 
LY the Length, pu by” the TR Ws; 
; "99 HSOFTFICISHR 52 ä from 
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chf. "from whence, it is plain, that this Sektion 10 the 
ſame as that wbich we / have already named dia-. 
metrical; The ſecond principal Section is de- 5 
| termined by. the Axe with reſpect to the Breadth, 


Y% 


and by the Vertical Axe; it is therefore alſo truly | 


vertical like the preceding one; but ſince it is made 


breadrhwiſe, it is called the Tranſverſe Section. 


Finally, the third principal Section made by the 
two horizontal Axes with reſpect to the Length | 
and Breadth, will be alſo horizontal, and every 
where parallel to the Level of the Sea, when 
the We in ee. C 


£ 8 6. 


The „en of theſs three principal 
Sections is ſo much the more important, as it 


comprehends a ſufficient Knowledge of the Fi uh 
gures of all Veſſels : For although theſe three 
Sections do not really determine the Figure of. 
the Veſſel, and may belong to an infinity 
of different Kinds, yet all theſe Differences 
cannot exceed certain Limits ſufficiently con- 
fined; ſo that whatever Idea we might form ot 
the Figure of the Veſſel, i it cannot . conſi- | 


37 


i ha 
| hs order to explain this better, let Fi ig. 1. te- 
preſent to us the Fi igure of any Veſſel whatever ; 55 


of * let 1 CBR. be the diametrical Sec 


tion, 
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tion, and the Point G its Center of Gravity; CHAP, 
through which let be drawn in the ſame I. 22 
vertical Plane, the Axe AGB with reſpect to 8 
the Length, and the vertical Axe D GC; to 
which let be drawn perpen icular the third Axe 
EGF horizontally acroſs the Veſſel, ſo that 
theſe three principal Axes will be AG, DOC, 
and EG F. Then, beſides the diamietrical ande 
vertical Section A CB, let AE BF be the Fi- 
gure of the horizontal Section of the Veſſel, 
through the Center of Gravity er 9 5 
the Tranſverſe Section; it is evident, chat'ms 
ſoon as theſe three Figures are determined, 
"the Form of the entire Veſſel can then have bur 
little Variation: 5 however, in order to ſhew it 
exactly, we have only to deſcribe ſome other 
vertical Sections parallel to the tranſverſe one, 
A both towards the Head and Stern, and the 
greater this Number is, the more ſhall we ap- 
proach to the true Figure of the Veſſel. Theſe 


Sections, parallel to the tranſverſe 8 bear the 
ang of Fe, 7% 
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| P wy us at 18 3 our r Veſſel g 
ming upon the Water in Equilibrium, and | 
in its. proper Situation, where the Point G denotes | 


the Center of Gravity, and the right Line 


p C, the vertical Axe of the Veſſel. Here it 


18 neceſſary at. : firſt to e a new horizontal \ 


e 


8 whit. is N "a the 3 
Line MH N, by which the Veſſel is divided 


into two Parts, the one above and the other 
within the Water, which we call the immerſed 


Part, and ſometimes dun the Ou of my Ih 
Ms or 8 . hl . 


In order to judge of this state ef Equil. | 
brium, in which we ſuppoſe the Veſſel to be, 


it is neceſſary to take into Conſideration all the- 
Forces which act upon the Veſſel : And firſt, 
the proper Weight of the whole Veſſel pre- 


ſents itſelf, by which it is preſſed down ver- 


_ tically in a Direction of the vertical Axe GC 


paſſing . * enen of Gravity of the 


w 


8 5 „ | Fe Veſſel. | 
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veſſel. This Force muſt zunge be c counter- CHAP, 
balanced by all the Efforts which the Water II. 


exerts upon the Surface of the immerſed Part 


and by conſequence it would be neceſſary to 
determine the Preſſure that each Particle of the 
immerſed Surface ſuſtains from the Water, 
which requires Reſearches very embarraſſing, 


| and a long Series of Calculations; But the fol- 
lowing . Conſideration will SORE! 250 us to mh 


9 

e * veel occupies in webe Weh A its 
imac Part, the Cavity MCN; let us com- 
_ pare this Cale with another, where the ſame Ca- 
vity M CN, was filled with Water, or. rather 
with a Maſs of Ice, of the ſame Figure and 
Size (without conſidering the Difference be- 
tween the ſpecific Gravities of Water and Ice); 
it is at firſt evident, that this Maſs of Water or 
Ice will be in a perfect Equilibrium with the 
Water which ſurrounds it; and it is alſo plain, 
that this Maſs ſuſtains from the Part of the 


ſurrounding Water, the ſame Efforts which our 


Veſſel ſuffers from it. From whence we ſee, 
that theſe Efforts of the Water balance the 
Weight of the Maſs of Water or of Ice which 


we have juſt; ſubſtituted in the Place of the 


Veſſel: Therefore, ſince theſe ſame Efforts ſuſtain 
4 the Weight of the whole Veſſel; it follows, 
bo B 4 . 


# 


A 
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char. That this Weight is preciſely equal to cheWeight 
II. of the Maſs'of Water which fills the ſame Ca- 

—— viiyMCN;'or rather, whoſe Volume.is equal 

to the "Volume" of che immerſed” hgh W whe 
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3 Tete therefore BY the firſt” great Ethel | 
23 upon which is founded the Theory of the F loat- 
ing of Bodies that ſwim upon the Water : : It is, 
That the immerſed Part muſt always be equal 
in Volume to a Mats of Water, which would | 
have the fame Weight as that of the Wenn 
And it is from this Principle that we determine 
the true Weight of a Veſſel by meaſuring the 
Volume of 1 its immerſed Part! in the Water; ; for 
then, by reckoning about 641b. Avoirdupoiſe 
for each Cubic Foot, we ſhall find the Weight 
of the Veſſel expreſſed 1 in Pounds: But, in our 
Reſearches, it will be more convenient to ex- 
preſs the Weight of each Veſſel by the Weight» 
of a Volume of Water Oe: to the Ka 


| 1250 e 263.3 et | 611 
ö 4 2 . 9 ' £4 4% : 4 * io 


19 
| 


: ++ Iv 1 110 My 12. bb A 
4: ever, this  Plincile only, i is not nifficient 
to determine the State of the Equilibrium | 
of a Veſſel : another muſt be ſtill joined to it; 


and which we ſhall find with the ſame F acility. 
Fig, * Wi e have only to conũder * Fig . ) the Center 


A 2 * . 4 
* 'S 
1 * - 
* y * 
; » a 


bene, deere op-Paſe. 


Gravity of the Maſs of Water MN 3 lch CHAP; 
II. 


ſuppoſe at the Point O: then we conceive 


eaſily that all the Efforts off che fufrounding | 


Water are in Equilibrium with a Force equal 


0 khe Weight of the Maſs of Water 1 CN, 
which fhould act in the perpendicular Direction 


OC downwards: 


Therefore, in order that our 


veſſel may be in Equilibrium with che ſame 


Efforts, it is neceſſary that the Center of Gra- 
vity Gof the Veſſel be in the ſame vertical 
Line HC, in which the Point O is ſituated: 
For that Purpoſe we have only to mark within 


the Veſſel the Point O, where the Center of | 
nerſed Part would be, «by i 


Gravity of the imm 
| was ee of an e en b 5 


la order to 500 a 160g de gl . we 
Thall name this Point O, ſimply, the Center 0 
"th immerſed. Part, or rather, quite ſhort, the 
Center of the Hollow.” Now the State of the 
Equilibrium of a Veſfel will be determined from 
theſe: two Principles: 1ſt, That the immerſed 


ha W $4 a oy, 


Part muſt be equal in Volume to a Maſs of 


Water, whoſe Weight would be equal to that 
of the Veſſel; and 2dly, That the Center of 
Gravity G, and the Center O of the Hollow, 
fall in the ſame vertical Line H C, which is the 
| vertical Axe of the Veſſel, With reſpect to 
E 1 O, it is evident that it muſt ä 


* 9 


1 


10 ene of Poſts. 


engr. fall vein the Water Line MN, and if the im- 
II. merſed Part ſhould preſerve, in deſcending, every 
— here the ſame Surface, or that it had either a 
priſmatic or cylindrical Fi igure, then the Point O 
J would fall in the Middle of the Depth H C: 
But if the Extent, diminiſhed uniformly, from 
the upper to the lower Part, and that it at laſt 


8 terminated in a right Line drawn through 
ö equal and parallel to MN, then the Elevation 
| of the Point O, or rather the Interval GO, | 


would he Two· Thirds of the whole Depth OH; 
and if the ſame immerſed Part ſhould terminate 
in a Point Cas a Pyramid reverſed, then the 
Interval CO would be three Quarters of the 
Depth HC: But with reſpe& to the Center of 
Gravity G, it may fall either above or below the 
Water Line MN, according as the Lading ſhall 
E diſtributed throughout the Body of the Vel- 
| Thus! in Ships of War, where the Guns 
2 pr 2. conliderable Part of the Weight, 
Oo | Knce they, are placed, above the Water, the Cen- ; 
ter of Sari G will be en above i its Sur- 
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Water upon the immerſed Part. of a Veſ- 


II HEN ve ſay that the Preſſure of the 


ſcl 'counterbalances | its Weight, we ſuppoſe; that 


the different Parts of a Veſſel are ſo cloſely con- 


nected together, that the Forces which act upon 


its Surface are not capable of producing any 
Change; for we eaſily conceive, if the Con- 
nection of the Parts was not ſufficiently ſtrong, 


the Veſſel wauld run the Riſque either of 5 70g | 


broken in Pieces, or of: n 1 
tion in ih * en 
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The Veſſels ina Sanden ann to has of Fig 4 


1 Rod AB, Which, being acted upon by the 


Forces Aa, Cc, D d, Bô, may be maintained 


in Equilibrium, provided that it has a ſufficient 
degree of Stiffneſs; but as ſoon as it begins to 
give way, we fee that it muſt bend in a con- 
vex Manner, ſince its Middle would obey the 
Forces Cc and Dad, whilſt its Extremities 
| Nee N n nnn, wb he 
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"The Veſſel | is "generally! d in fach a Situ- 
ation ; und ſincæ fimlar Efforts continually act 
' whilſt the Veſſel is immerſed | in the Water, it 
happens but too often that the Keel experiences 
the bad effect of ' Strain: It is therefore very 


important to inquiteInto the true Cauſe of . 
Accident. SD eee LRIAT Ts 1 1 7 
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For this Thr Jak! let us conceive the Veſſel 

vide into two Parts by a tranſverſe Section 

through the vertical Axe of the Veſſel, in which 

Fig. 5. both the Center of Gravity G of the whole 
Peſſcl, and that of the immerſed Part O, are 
ſituated; ſo that one of them will repreſent the 

Head Part, and the other that of the Stern; 

each of which we ſhafl conſider ſeparately. Lat -- 

zt; be therefore, the Center of Gravity, of the en- 
tire Weight of the firſt, and o that of the im- 

merſed Part correſponding. In the ſame man- 

ner, let / be the Center of Gravity of the whole 

Cs a ee Stern _ A 00 chat of its immediate- For- 
| tion. md Aten i 10d} 45 47 e 3 


2173 * min ALA £24 wa 115 (69 11 . 

enen den LL l | lata, > 4 1 
of en it is plain, that the Head Les WE 
{ upon by the two Forces g n and an, oft; wlych - 


the firſt will Preſs i it down, and the ur r puſh it 
93.4 Vi H up. 


am 5 Myer A : 
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up. In the ſame Manner, the Stern will ; cg 


preſſed down, by the Force h and puſhed up III. pe. 
by the Force : But theſe four ede 
maintain themſelves f in Equilibrium, as well as 

the total Forces re- united in the Points G and 

O, which are equivalent to them ; but whilſt 

neither the Forces before, nor thoſe behind, fall 

in the ſame Direction, the Veſſel will evidently 

ſuſtain Efforts tending, to bend the Keel up- 

wards if the two Points 0 60 are nearer the 55 
Middle than the two other Forces gm and'y ju, 

A contrary Effect would happen, if the Points 9 

and w were more diſtant from the Middle than 15 £ 
the Points g mo: » f, 14-19 N 


0 100 Ak A BUR] 
= the feſt of theſe two Caſes yn takes 
place almoſt in all Veſſels, ſince their Hollow 
has a greater Breadth towards the Middle, and 1 
becomes more and more narrow towards the 
Extremities; ; whilſt the Weight of the Veſſel _ 
is in Proportion, much more conſiderable to- 
wards the Extremities, than at the Middle. From 
whence we ſee, that the greater this Difference 
becomes, the more alſo will the Veſſel be ſub· 
ject to the Forces which ggpdto bend its Keel 
upwards: It is therefore from thence that we 
muſt judge how much Igength it is neceſſary . 
| to give to this Part of the”! V Veſſel, in order to 
2 owe fog — en SODA 42% 
5 ; 20, If 


IV. 


— 911 other Circumſtances would permi | 
to load the Veſſel more in the Middle, or to 
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give to the Part immerſed a a greater Hollow to- 


Wards the Head and Stern, ſuch an Effet 


would no longer be feared : But the Deſtination 
of moſt Veſſels is entirely oppoſite to ſuch an 


; Arrangement; by which Means we are obliged 
to ſtrengthen, the Keel as much as may be ne- 


ſearches * different. 1 
. 322, As 


ceſſary it in order to  ayoid ſuch ; a Diller.” ads 


E 11 A p. IV. ; At wi 
vr the three di eee ane of E aua. ; 
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EF TER 2 eſtabliſhed Pi Requittes 
of the Equilibrium of a floating Body, let 
us ſee what muſt happen when, the. Veſſel is 
ſomething diverted from that State. We. 
mall ſuppoſe, at firſt, that the Veſſel, ſuffers 
an exceeding. ſmall. Inclination from its Bide. -\ 
tural Situation, in order. to dray . the Conclu- 


ſiong Which are neceſſary to form a, proper 
Judgment of its State of Equilibrium ; z, for 
with, reſpect | to great Inclinations, which might 


become dangerous to 3 Shen require, Re: 


* 8 o . 
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ue . a8 2 Veſel; wana wel 0 Ku 


ele dr diſplaced from its State of Equili- 
brium, it is evident that three Conſequences 


may happen: rſt, Eicher the Veſſel remains in 
this inclined State, in which Caſe we ſay the 

Equilibrium is inſenſible: Or, adly, It re-eftas 
bliſhes itſelf in its preceding Situation, when its 


Equilibrium will be permanent; or rather, it 


will be endowed with a Stability which may be 
5 great or little, according to Circumſtances: Or, 
3dly, The Veſſel, after this Inclination, will be 
entirely overturned; an Equilibrium of this Kind 
is like to that of a Needle, which put upon its 
Point, falls the Moment it has received the 


| leaſt Motion: This Equilibrium is called un · 
ſtable, or ready to fall. We ſee. evidently, 


that neither this laſt Caſe, nor the firſt, can have 


place in Veſſels; and with reſpect to the ſecond 
Caſe, a 8 OO . pc requi · 
1 2 3. Ws 

13 . to ehen the Reſearches * 
tuy for this Subject, let Us con 


the Part immerſed: Let the right Line MN 
repreſent the Section e at the Level of the 


2. © EE "A, * 2 | | f Waters | 
/ » 2 1 


whatever in its State of Equilibrium, of which 
let G be the Center of Gravity, and O that of 


Water, the . GO being vertical, Suppoſe x 


now the Veſſel to be inclined in ſuch a Manner, S 
chat the Line mn: becomes horizontal, or at the 


Surface of the Water, and that mD » be at 

_ preſent the Part immerſed ; by which Means the 
Veſſel near M will be lowered by the Part Mm, 
whilſt the other Side near N, will be raiſed. by 


the Part N n. We muſt conceive beſides, '- | 
the new-immerſed Part, » Dm, has the ſame 
Capacity as that of NDM in the State of Equis 
librium, ſeeing that it is the 5 e! | 


N an ene 35 151 08 
B this Change the pants of "Graves G of the 


5 wie will till remain che ſame ; but with reſpect 
to that of the Hollow, which is increaſed on the 


Side M, and diminiſhed on the Side N, its Center 4 
of Gravity muſt neceſſarily be removed towards. 
the Side M. Suppoſe o to be that Point; then, ſinee 


$f? 


the Line un is at preſent horizontal, let falb the 


Perpendiculars G 9, ow, then it is at firſt evi- 


dent, that if the two Points y and & were united, | 
the two Centers G and & would' till fall in the 

ſame vertical Line, and therefore the Veſſel | 
would likewiſe be ſtill in Equilibrium; which 


is the firſt Caſe beforementioned of an inſenſible 
Equilibrium. From thence it is alſo plain, that 


this Caſe cannot happen but when the Point 


is A elevated above the Point oO. 
1 2 (f, | | 3 25 Let 
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ie nod cm Wc . n 
N 8 1. 2 5. | 
Let us in the ſecond Place, a lr the Caſe 
repreſented i in the Fi igure, where the Point 9 is 
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leſs diſtant from the vertical Line G O than the ö 
Point w. Since the Veſſel is urged down ac- 


cording to the Direction G , and preſſed up 
by an equal Force. in the Direction o, it is 


evident that the Part towards M muſt by this 


means be raiſed, and of conſequence become 


leſs immerſed; or. rather the Veſſel will return 


into its preceding ſtate of Equilibrium: This 


is therefore our ſecond Caſe of à permanent 
Equilibrium, whoſe Stability will be. Jo much 
the greater the more diſtant the two Points » 


and & are from each other; and we have only 
to conſider the Figure, in order to aſſure our- 
elves that the lower the Center of Gravity G i is 
Wages, the Bene. vill be the e, 


* 
5 26. 8 : 5 A 


age f third Cale of an unſtable Equilibrium 
will happen when the Point y is ſituated nearer 
the Extremity m. than the Point ; for then the 


two Forces will occaſion the Part Mm. to be 1 


more immerſed, and the Veſſel muſt by that 


means be entirely overturned. This is to be 


feared in Proportion as the Center of Gravity G 
is more elevated above the bottom of the Veſſel ; 

But we ſhall very ſoon ſee, that beſides the two 
Centers G and O, the Figure and Extent of the 


Section ag the Veſſel upon a Leyel with the 
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Confirudtion and Properties of Ve V aſe. 


en Ar. Water, enters here principally into confidern- 


tion. 1 


1 


| "wy 27 
In the Fights i we have ens the Indi: 


nation as made from the Stern N towards the 


Head M, or round the tranſverſe Axe of the 


veſſel: but it is evident that the ſame repre- 


ſentation may be applied when the Veſſel is in- 


clined from one fide towards the other, or round 
the principal Axe from whence ve eaſily com- 
prehend, that in order to form proper Conclu- 
ſions regarding the ſtate of Equilibrium in a 
Veſſel, it is neceſſary to make reſearches re- 
ſpecting both the Axes; for the caſe might 
5 eaſily happen, that a Veſſel had ſufficient Sta- 
' bility with reſpe& to one of theſe two Axes, 9 


whilſt its Equilibrium with reſpect to the 
other might be indifferent, or even unſtable. It is 


likewiſe as certain, that when a Veſſel ſhall 
have a ſufficient degree of Stability with reſpect 
to theſe two principal Axes, it will alſo have 
ſufficient with reſpect to all the other interme- 


diate Axes round which the Veſſel Og re- 
ceive any Inclination, Jas hs 


| Crete my nn 7 7 1. 
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Upon the Method of cok the Stability to a 4. 
termined e if: 
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\ROM what has been premitſed,. we eaſily 

conceive how the Stability of one Veſſel may 
be greater or leſs than that of another : But to 

form a true and preciſe idea of it, the beſt method 


is to ſee what Force we muſt apply to a Veſſel, in 
order to maintain it in a given degree of Incli- 
nation. We ſee plainly, that the conſideration 
here is not of one abſolute Force, becauſe very 
different Forces might produce the ſame Effect, 


being applied to different Points; and it is | 


: evident, that we muſt underſtand. "rind the Mo- 


mentum of the Forces with reſpect to the Axe 


round which the Jnelihation 1 is made, | 


3 e | 
But the als of inclination is always a Hori. 
zontal Line, paſſing through the Center of 
Gravity of the whole Veſſel ; ſince we know from 


Mechanics, that a Force, whoſe Direction 


paſſes through the Center of Gravity of any 


Body, does not impart to it the leaſt angular 
Motion whatever, but is entirely employed 


to produce a progreſſive Motion. Therefore, in 


order to give a Veſſel an Inclination round a 


Horizontal Axe, paſſing through i its Center of 


Wa „ | Gravity, 


20 
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Fig. 7. 


perpendicular Line H : repreſent a. Maſt 


capable of maintaining t the Veſſel in that. inclined 


the Interval GH repreſents the Diſtance of that 


View, ſuppoſe the Point G to be the Center 


repreſents the Section made on a Level with the 
Water, when the Veſſel i is in Equilibrium. Alſo 


Water, and that the Inclination is | repreſented 


ſhall put i, the Part immerſed will then be 


Caen, ond F CY f Vaſe. 


Gravity, or to maintain the Veſſel in ſuch a ſtate : 
of Inclination, it is neceſſary that the Force 


which we employ there, ſhould produce a Mo- 


mentum with reſpect to the ſaid Axe; and we 
know that ſuch a Momentum is found by mul- 


tiplying the Force by its Diſtance from the Axe 
of Inclination; from whence i it is evident t 


the greater this Diſtance is, the leſs F. orce wilthe TY 
ee to o produce the ſame Effect. 3 


en 
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mh order to fr this Matter i in a a.clearer Point of : 


of Gravity of a Veſſel, and, that the Line A B 


ſuppoſe, that by any Cauſe whatever the Veſlel 
has been inclined in ſuch, a Manna. that the 


a $a a. 


by the ſmall Angle A ha=B I 3, which we 
deſcribed by the Portion 4 L: Let alſo the 
fixed in the Veſſel, and ſuppoſe a Force H K 


Situation, is applied to it above che Point G at 
H, which Force we ſhall call K. Then ſince 


Force from the Point G, or rather from the Axe 
of TERA, the Momentum ot the Force 


which 


1 dae 5 Ve „ 5 


: Ak be require will be expreſſed by the Prb ck AP. 


duct K & . This Monientum muſt there- 


exerts in order to jr pom? rte i in its ik 
of e A new aW 
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the Veſſel, and of the Axe round which the In- 


V. 


|| fore be equal to the "Efforts which the Veſſel — 


not only upon all the Circumſtances of 


clination is made, but alſo principally on the 


degree of Inclination itſelf, which we deſcribe 
by the Angle A 12 i; ind ſince we ſuppoſe 
_ this Angle i extremely ſmall, it is evident that 
the Momentum in queſtion muſt be propor- 
tional to the Sine of that Angle, ſeeing the 
more that Angle increaſes, the greater alſo muſt 
be the Force of the Veſſel, in order to re- 


Fig. 7. 


eſtabliſn itſelf in Equilibrium; confequentiy 5 


the Momentum of Force requiſitè tõ maintain 


the Veſſel in its inclined State, will always have 
this Form S. f. Sin. #; Where $ denotes a certain 
abſolute Force, f a certain Line, and Sin. f, the 


Sine of the Angle 7 5 85 e being inppoſcd. 
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8 e ſpeak of the Stability a a Vettel 
with reſpect to a certain horizontal Axe paſſing 


through its Center of Gravity G, we form to 


ourſelves an Idea that no ways depends on the 


04 Quantity 


br ZFion and nn of 21. 


CHAP. Quantity of 10 Inclination, ſeeing that the ſame 
— Idea muſt belong as well to the State of Equi - 
—— hlbrium itſelf, as to all the poſſible Inclinations ; 
Therefore, in order to fix that Idea, we have 
" only to omit in the given Expreſſion. the Factor 
Sin. i; ſo that the Product S.? will be employed 
Fig. 7. to expreſs what we mean by the Term Sta- 
bility; which will therefore always be the Pro- 
1 duct of a certain Force, or rather of a | Weight 
„ —— * mplcipli by a certain * t. 


8 Aae ar 
This Expreſſion will therefore be veng! pro-- 
per to give us a juſt and clear Idea of the Sta- 
bility of Veſſels, and it will afford the Means 
of comparing together exactly the Degrees of 
Stability which may belong to all Veſſels, ſo as 
to pronounce that the Stability of ſuch a 
Veſſel is two, or three, or ſo many Times 
greater or leſſer than that of another, with- 
gut regarding in any Manner the Quantity of 
the Inclination itſelf hien the Veli Kal. 
fered. = 
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Having cherefots fixed this 1405 of the ul 
bility of any Veſſel whatever with reſpect to 
any Horizontal Axe, an Idea which is com- 
prized in the Expreſſion S. f, nothing is more 

15 caly chan to en for any Inclination i 
n 945 1 Whatever, 
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whatever, the Momentum a: Fores" requi- cn Ar. 


ſite to maintain the Veſſel in that inclined Situa- 


V. 


5 tion, or rather that whereby the Veſſel ende 


vours to re-eſtabliſh itſelf in Equilibrium; for 


ve have only to multiply the Formula S. z. by 


the Sine of the Angle i, and then the Product 
S. t. Sin. i will expreſs the Momentum which we 


require. Thus for example, if the Inclination 


was one Degree, ſince the Sine of this Angle is 
nearly r Part of the whole Radius or Unity, 
the Momentum 8 the Fe orce ws. e will n 
et *. 8.5 7. 5 


bbs 1 35. Ny ale 
See Knöwäng: 0 Value of the s Sta- 
bility S. 7, it will be eaſy to determine the In- 
clination by which any Momentum of Force 


whatever relative to the ſame Axe will be ca- 


pable of changing the Situation of the Veſſel. 
For let this Force HK be = K, its Diſtance 
G H from the Axe of Inclination k, then the 


Fig. 7. 


Momentum of that Force will be = K. &, but 
it is requiſite that K. 8. t. Sin. i; from whence 


We have Sin, ; = ==; 'by which Means the 


S 


Momentum of the propoſed Force K. & divided 
by the Stability, will furniſn us with the Sine 
of the Inelination ſought, nnd therefore. the In- | 


Eligaion i itſelf, 
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24 
— 3 Since we ”Y not here conſider but vely {mail 
= Lochinabienk and becauſe the Security of Navi- 
gration abſolutely requires that Veſſels be never 
expoſed to Inclinations that are too great; it 
is neceſſary that the Stability S. f be always 
ſeveral Times greater than the greateſt Momen- 
tum of the Forces K. x to which Veſſels can 
ever be expoſed. Here is therefore a Precept of 
/ the laſt Importance in the Conſtruction of Veſ- 
ſels; that it is always neceſſary to procure for 
| a Veſſel ſuch a Degree of Stability as may be 
many Times greater than the greateſt Efforts 
> which the Veſſel can ever be expoſed to. Thus, 
if we ſhould require that the Inclination ſhall 
never ſurpaſs ten Degrees, whoſe Sine is about 
23, it is neceſſary that the Stability be at leaſt 
* ſix Times greater than the ſaid K to EN 
the Veſſel * be e gi 
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Aſie theſe Expoſitions woes the true Idea 
of Stability, there remains only to ſearch for 
all Veſſels, the true Value of our ſuppoſed For- 
mula S. 2. For this purpoſe it is neceſſary to 
examine well all the Circumſtances that may con- 
tribute to augment or diminiſh the Stability of 
Veſſels, which we ſhall endeavour to explain 
in as diſtinct a Manner as poſſible; notwith- 
Ranguog that this Reſearch commonly requires 
| | 2 ; 
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Veſſel endeavours to recover its State of . 


Equilibrium, proceed entirely from all the || 
Elementary Preſfures which the immerſed Part 2 | 
experiences from the furrounding Water; the 
Gravity of the Veſſel itſelf not contributing any | 
thing towards it; ſince the mean Direction 
paſſes through the Center of Gravity, and there: 
fore does not furniſh any Momentum for its 


Re. eſtabliſnment. But we have ſeen that all ; 


the Elementary Preſſures perfectly counterba- 
lance the Weight of a Maſs of Water which 
would occupy” the Volume of the immerſed 
Part of the Veſſel; and therefore we kave v! 

to regard the immerſed Part as a Ma 
all the Particles of which are Nen, puſhed 
upwards with as much var est as their ee e 
e e e nne 


Let us | conceive irate) that” a vegel 


minke Part in a State of Equilibrium rey 
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efrap; was the Portion ALB, to be inclined in ſuch a 
VI. 
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Manner that its immerſed Part is now become 
2 LI; and let us conſider this Volume as 


filled with Water; we ſhall then have only to 
ſearch. what Force each Particle of this Vo- 
lume (being preſſed upwards with a Force equal 


to its Weight) would exert in order to re- eſta- 
bliſh the Veſſel ; and for this Purpoſe we have 


only to find the Momentum of each of theſe | 


Forces with reſpe& to the Axe round which 


the Inclination has been made. This Axe is 
always, as we have ſeen, a horizontal Line 
drawn through the Center of Gravity G of the 


Veſſel, which we conſider here as perpendi- 


cular to the Plane of the Figure which repre- 


ſents a Vertical Section e the a 0 
We 9. . 


$ 40. 
In order to determine more readily all thet 


Elementary. Forces, let us decompoſe. the 
immerſed Volume 4 L, ſo that it may con- 
tain, firſt, the immerſed Part ALB in a State 


of Equilibrium; ſecondly, the Angular Vo- 


lume A IL a, which muſt be added to it; and 
thirdly, the Angular Volume B I, which muſt 
be ſubtracted, in order to haye the Immerſed 


Volume aL b. Let us ſearch at preſent what 


Force each of theſe three Portions furniſhes, 


in order to cauſe the Veſſel to turn round the 


before-mentioned Axe ; for then we have only 
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to add together the Forces, or rather the Mo- 
mentums which reſult from the two firſt Por- 
tions, and deduct from their vows! the Nie- 
mentum which ariſes from the latter. 


5 4. N 
Let us therefore begin by conſidering the 


CHAP, 
VEL 


Maſs of Water, which would fill the Space 


ALB, whoſe Center of Gravity is placed 
at the Point O, from whence we are per- 
mitted to conceive all this Maſs of Water as 
collected in the Point O, and puſhed vertically 


upwards with | a Force equal to its proper 


Weight. But the Weight of this Maſs AL. B. 


being equal to the Weight of the whole Veſſel 


if we call this Weight M, we ſhall have at O 
a Force applied = M, which preſſes the Veſſel 
vertically upwards. But ſince the Line 45 is 
at preſent horizontal, let Ou be drawn per- 


pendicular to it from the Point O, which will 
by conſequence be our vertical Line, or the 
Direction of our Force M: Therefore, in or- 
der to find its Momentum, let fall the perpendi- 
cular G v upon the Line Om produced, and the 


Momentum of this Force will be =M x Gv: 


But it is evident, ſince the Line 0G was. verti- 
endi- 


cal in the State of Equilibrium or perpe 
cular to the Line AB, and the Line O per- 
pendicular to the Linea; I ſay it is obvious, 
that the Angle GOv is equal to the Angle of 
| ien Ala, which we ſhall call i: "yy 
ore 


VI. 


cp. fore the Line Gb, 


* .. * g A 


a by the Diſtance'O G, 


6 


will give the Sine of che Angle i, or rather we 
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"= ſhall have G v = OG. Sin. ;; conſequently the 


Momentum * this Force wil be = M. OG. 
Sin. 7, 7 DI 


$ 


Herode PO VOY Mieten a as Bol 
which reſults from the Portion of Water ALB, 
which we have juſt found = M. OG. Sin. i, 


19 ik 


where M repreſents the Weight of the whole 


Veſſel, and the Line OG the Elevation of the 


Center of Gravity G above the Center O of the 


Hollow, when in the State of Equilibrium. 


But as this Force preſſes upwards in the Direction 


O v, it will evidently tend to augment” the 
Inclination, or to immerſe more the Part AL; 
ſo that this Force is contrary to the Re-eſtabliſh- 


ment of the Veſſel in Equilibrium. Therefore, 
if the two other Portions of Water 'ATa and 


BI b, which we have ſtill to conſider, ſhould not 
furniſh us with a Momentum of Force oppoſite 


to and greater than the Effects of the firſt, the 


Veſſel would not have any Stability, and the 
leaſt Inclination would overturn it entirely. 
This muſt be underſtood when the Point G is 
more elevated than the Point O, as it is repre- 
ſented in the Figure: For if the Point G ſhould 
fall below the Point O, then the — 
of that Force would have a Tendeney 


to ms * the Veſſel in Bau. | 


brium. 


8 "Ws Caſco 
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progns 


i 
Let us at 12 15 examine the angular Por- 
tion of Water AI a; Then, ſince i it is neceſſary 
to. take into, conſideration all the Particles; of 
Water fituated, 1n, that, Space,, let us conceive 
in the Section of Water AB, which correſponds: 
to the State of Equilibrium, any Particle PP 
whatever, extremely or almoſſ , infinitely ſmall ; 
and let us conſtitute upon it che ſmall Column 
P Ppp, terminated, by the Section of the Wa- 
ter ab, and which, let be perpendicular 8 
Now ſince we here ſuppoſe the Inclination i as 
infinitely ſmall, this Column, might, alſo be re- 
garded as perpendicular to the Line AB, from 
whence the Heighth. of this Column P will. 
be IP. Sin. i, and its Solidity 2 F 12. 8 F BY 
CC which repreſents therefore. the Volume 
of Water contained in that Column, whoſe: 
Weight, we muſt; here conſider. For this Pur- 
poſe, let us put "the Volume of the immerſed 
Part of the Veſſel requiſite for the Equilibrium 
A L BZV, then, ſince. the Weight of ſuch a 
Volume of Water is, preciſely equal to the 
Weight of the Veſſel, M, we ſhall; have only 
to make this Propor tion: As the Volume Vis 
to the Weight M, ſo is the. Volume of the Co- 
lumn, P Ppp- o its Weight, which will conſe- : 


quently be= 2 r. IP. Sin. 1. But, inflead_ 
ha | nr 


baden mg at ener 0 


, of this Tagen we ſhall put, Fl ar dude, 
| OE the Letter T; ſo that = 


r. yy Th. Sin. # 


kan 


Having now found the « Weight of this ſmall 
Column ef Water, P Ppp which is = T; the 
Force which reſults from it is directed up- 
wards, and perpendicular to the Line Iz In 
order to find the Momentum of it, let fall the 
perpendicular G'g from the Point G upon the 
Line 4 ö; then it is evident that this Momen- 
tum wilt bl found by multiplying the Force 
— * by the Diſtance pg; ſo that the Momentum 
in queſtion will be = T. pg ; or rather, fince 
pg=Ip + Ig, and the Line 1 p is nearly 
equal to the'Line I P, becauſe the Angle 7 is 
, >. infinitely ſmall; this Momentum of Force will 
be repreſented by T.IP+T.Ig; which 
Force plainly tends to diminiſh the Inclination, 
8 and to re-eſtabliſh the Equilibrium. Having 
determined in the ſame Manner the Momentums | 
of all the Particles PP, which we may conceive 
in the Section of Water from I to A; the Sum 
| ; | of all theſe Expreſſions joined together will give 
: the Momentum of Force which reſults from the 
Portion of Water contained in the angular 
Space AI a. Theſe Sums, according to the 
Fluxionary Method, may be therefore expreſſed 
| by Fluent T. LP + Fluent T. Ig, which de- 
| 1975 | notes 


notes the total Momentum of the F orces, reſult- hp. 
ing from that Portion A I a, in order to * * 


bliſh the Veſſel i in 8 b 


$ as. 


Let us in the ſame Manner conſider: the Space 3 
B15 as filled with Water, and taking in the 
Section I B, any Particle whatever QQ; let 
QQ 99 be the ſmall Column correſponding t6 it; 


and which we may regard as perpendicular, 
both to AI B and 415; then the Solidity of 
this Column will be found as before = Q Q. 


I "i Sin. i. from whence its Weight will be FI 
J. Q. sin. i. U, by putting he 


Dl to denote this Weight. It is therefore to 
this Weight, that the Force of the Column will 
be equal; and ſince it acts vertically upwards, 
its Momentum, with reſpect to the Line of Incli- 
nation, will be U. 2g; but becauſe 392 Ig— 
I g, and alſo I q=1IQ, this Momentum will 
become equal to U. IQ- U. Ig; from whence 
the Sum of all theſe Forces joined together, will 
be expreſſed by Fluent U. I Q= Fluent U. Ig: 
and as this Force is applied on the other Side 


the Point G, its Effect will tend to augment 


the Inclination ; but ſince this Portion BIb 
muſt be deducted from the two preceding 
ones, its Effect muſt therefore be taken ne- 
gatively; and therefore the Veſſel will experi- 
ence, on account of this Portion, a Momentum 
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the Forces which reſult from the two an ular 


Epen Flu. T; 1P+ Flu. T. 1g + Flu, 
ITE Q.—Flu. U. Is: which is compoſed of four 


contain the ſame Interval Ig, which always re- 


2 Weight of the Cann P Pp, the Fluent 


Water contained in the Space Alg., In the 
ſame Manner the Fluent of U will expreſs the 


the two Portions beforementioned, F lu. T. and 


Let us now join er the Momentums of 


Spaces AI a and BIZ, and we ſhall obtain this 


Parts; the ſecond and fourth of which we ſhall 
firſt examine, fince both the one and the other 


mains conſtant whilſt the Points P and 8 
paſs over the Spaces 1 A and T B; and there- 
fore theſe two Members may be repreſented by 
Ig. Flu. T— Ig. Flu. U; but ſince T repreſents. 


of T wil expreſs the Weight of the Maſs of 


Weight of the Water contained in the Space 
B13 conſequently, ſince the immerſed Part 
2 Lö in the inclined State, is equal to that 
which correſponds. to the Equilibrium ALB, 


Flu. U. muſt be equal to each other; by which 
means, the ſecond and the Fu: Members | 
mutually deſtroy each other; and therefore the 
Momentum of the Force which. reſults from the 
two angular Spaces AI and BI 5 will be 

9 reduced 
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Ndbbeg to this Expreſſion, Flu. T. IP TH Flu, U. = 
from whence we muſt ſubtract that which © 
the Firſt Portion has furniſhed, 'or M.O 6.0 . 
Sin. i, in order to have the Momentum of the © VI. 5 
whole Force, which tends to n the E- — 

Lene | hs 


1 us ſubſtitute at 40M in place of the 
Letters T and U their Values, which are 


; 25255 PP. IP. Sin. f and 


M . 
Then, ſince the —— V and Sin. i. re- 


main ety whilſt the Points P Fs pes 
over the Spaces I A and IB, the above Expreſ— 
ſion or Flu. T. IP + Flu, U. A ny ** re- 
preſented by | | |; 
F Sin. . Flu. PP. IF ＋ * V Sin. , Flu. „ 
and Fre the whole Momenrum in order to 
re-eſighlſh the Veſſel will be . 4 


* sin. x Flu. PP. 15 + Flu. "Ca TT N 
—M. 00. Sin. i, N is therefore the 1 
lue of the Expreſſion S. r. Sin. i, eſtabliſhed Fig. 7 
in the preceding Chapter, therefore nothing 
more is s neceſſary than to divide this 8 0 | 
In 
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CHAP, ſion by the Sin. i, in order to have the 
Stability of che Veſſel with reſpect to the ſup- 
poſed Axe; This, Stability will therefore be 
Y repreſented by the . 


M 


* NR Af. QIGE-MOG, 


where the firſt Member depends principally 5 
on the Section AB of the Water, and on 


its Fi igure, which we ſhall explain more parti- 


_ cularly in the following Chapter; where we 


ſhall treat on the Nature of this F ormula, 


Flu. PP. TP + Flu. QQ. iQ, 


under the Name of the Momentum of the gain 
of the Water. 


e v. 8 


Upon | the Momentum = the Setzen Ca the ; 


4 ater. 
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treated the Subject, the two Sections of 
the Water AB and a b, which belong to the 
Equilibrium, and to the inclined State of the 
\| Veſſel, are conſidered as ſimple Lines, and their 
Interſection I as a Point, which has been done 

in order not to confuſe the Figure, or trouble 
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tha Imagination too much. But as chelb two CHAP. 
Sections are in effect plane Surfaces, their In- VII. 
terſection will be a right Line, horizontal and 
parallel to the Axe round which the Inclination 
is made.: We muſt therefore conceive this Line 
as perpendicular to the Plane of the Figure, 7 

and paſſing through the Point I; and _ It 18 


evident ne the Terms Flu. PP. IP a Flu. 


QQ. I I'Q will expreſs the Sum of all the Par- ws 1 
ticles contained in the Section of Water AB, 


each multiplied by the Square of its Diſtance = — 
from the ſaid wee. * | 


. 40. 


* the two Angular Spaces A hs and 
B I 3 are ſuppoſed equal to each other, ir 
is eaſy to conclude, that the common Inter- 
ſection muſt paſs through the Center of Gra- 
vity of the Section of the Veſſel made upon 
a Level with the Water, which we name ſimply 
the Section of the Water. Let this Section be there- 
fore repreſented by the Fi igure ACBD, in Fig. 8. 
which let the Line A B repreſent” the Diameter 
paſſing from the Head A unto the Stern B. Tr 
is therefore in this Line that the Center of © 
Gravity of this plane Surface is to be found, 
which ſuppoſe to be at the Point I, and let 
the right Line MN be drawn through this 
Point are to the Are round whiet the In- 


V clination 
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CHAP. clination is made; in order to find the Mo- 0 


VII. 


mentum of the Section of Water with reſpect to 


that Axe, we have only to conſider any Par- 
ticle Z whatever, and multiply it by the Square 
of its Diſtance from the Axe MN, or rather 


| by ZX, "and the Sum of all theſe Products, 
taken throughout the whole Fi igure ACB D, 


on both Sides the Axe MN, will give us the Mo- { 


mentum ſought; which we have denoted N 


by the Sum of theſe two Terms, F lu. PP. Ie. 


+ Flu. Q Q. IQ. We may therefore at 
preſent expreſs it more conciſely by the Term 


Flu. Z. 2 ZX; by chis Means the Stability of 
the Veſſel with e to the propoſed Axe will 


be = Flu. 7 ZX— - M. 0G, where M 


repreſents the Weight of the whole Veſſel, v 
the Volume of its F e Part, and OG 


the Elevation of its Center of Gravity G above 
tho Cres of the Hollow O. | 


$ 50. , f 
1 is s evident he Veſſel may be FR inclined, 


that: the Line M N ſhall remain immove- | 


able, whilft the Portion MAN is plunged 


into the Water, and the other Part elevated 


above the Surface; and ſince this Line MN 


always paſſes through the Center of Gravity L 
of the Section of Water, this Point will be pre- 


eiſely the Point of Supper which Mr. de la 
Croix 


ConftruZtion ay Properties of Ve efſels. 


Croix had ſought heretofore with ſo much Care : CHAP. 
And it is not contrary to the Manner in which VII. 


we conſider the Subject, when we refer all the 
Inclinations to the horizontal Axes which paſs 

through the Center of Gravity G. We have not 
ſaid that the Center of Gravity 8 remains im- 


moveable during the Inclination, as it is a 
known Property in Mechanics, that an Inclina- 
tion round any Axe whatever may be always | 


reduced to an equal Inclination made round 


the Center of Gravity, provided that we give 
a ſuitable Motion to this Center. But when 


Forces capable of producing ſuch an Inclina- 


tion are required, we muſt always refer them to 
the Axe drawn through the Center of Gravity, 


and never to the Line MN, although it ſhould 
remain fixed during the Inclination Q the 


3 g fr oy 51. af 


It will appear at firſt that this Reſearch i Is 
ſubject to almoſt inſurmountable Difficulties , 
ſince on the one Hand it is neceſſary” to collect 


all has Products ol 74 Ix * +a one Sum | 
through the whole Extent of the Section of 


Water AB CD, and on the other, that we 
muſt repeat this Operation for each Axe ſe- 
parately : But we ſhall find the Means of re- 


moving all theſe Difficulties with - eaſe; for, 
with e to the laſt, it will vaniſh the Mo- 


2 . ment 


38 
char. ment we reflect that it is ſufficient to ſeek only 
two Momentums of this Section of the Water, 


VII. 


* 
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the one with reſpect to its great Axe AB, and 
the other with regard to its leſſer Axe CD, be- 


cauſe having found theſe two Momentums, we ye 
are able thereby to determine the Momentum 
with reſpe& to each intermediate and oblique 


Axe MN: this Determination is founded upon 


tion of every Veſſel requires that the Length 
AB ſhould n the  Breadgh CD conſider- 


| ably. 


3 52. 5 : 1 
Let us ſuppoſe therefore that the two Mo- 


mentums of the Water Section with reſpect to 
the. two principal Axes AB and CD, are 


already determined; let the firſt be repre- 
ſented by [AB] and the latter by [CD], 


then, in order to find the Momentum with re- 
ſpect to any other Axe MN whatever, which 
we ſhall expreſs in like manner by [MN], let 


us put the Declination of this Axe to the firſt 


[MNJ={AB] Cof. 6* + [CD] Sin ns 0 


where the IE * W the Square of ae 
h 2 Coſine 


the Principles of Elementary Geometry, as wil! 
be ſeen in the following Article; firſt obſerving | 
that the great Axe AB is always directed 
from the Head to the Stern, and the leſſer Axe 
CD perpendicular to it, ſeeing the Deſtina- 


— 


AB, or rather the Angle AIM=9, and we 
| ſhall always have this Deen, bot, | 
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309 


Coſine of che Angle b, and Sin. be, the Square ch . 


of the Sine of the ſame Angle: from whence 
we ſee, that in the Caſe where the Angle 8 o, 
the Axe M N falls upon A B, becaule the 
Coſ. 0 a, and the Sin. d 1, we have then 
[MN]= [C D] as the nature of the thing re- 


VII. 


„ oe ſri. * 


quires. It is not neceſſary to demonſtrate this 


truth, ſince it depends on pure Geometry z 
and the Demonſtration is eaſily obtained. By 
making uſe therefore of this Sign, the Stability 


of the oY with reſpe& to the Axe M n 


Ta ag OG. 


. 


e is ende dc 0 a 


Momentum of a propoſed Section of Water, 
with reſpect to theſe two principal Axes A B 


and CD, or the Values of the Expreſſions [AB] 


and [C D]: But as that would require an exact 


knowledge of the Figure of the whole Section, 


| which we could ſeldom or ever arrive at, we 
mall confine the Application of this Refearch 


to two principal Figures between which the 
true Figure of every Section of Water is at all 

times contained, For let the firſt be a right- P 
angled Parallelogram 44 5; b, (ſee Fi 8.9. ) and the 
other a Rhombus, ACBD, he Fig. 10.) where- 


Principal Axes AB and CD, as the propoſed 


Sw of . it is then evident, that the | 


Plate III. 


Fig. 9 
& 10. 


of both the one and the other have the ſame | 


=. cen and Properties of Ye 7 Nb. 


char. true Section of Water will be always leſs than 
VII. the firſt of theſe two Figures, and always g greater 
—— than the ſecond; by this means, when the 
Momentums of theſe two Figures are deter- 
mined, that of the true Section will always 
hold a certain Mean between theſe two Limits, 

nearer to the one or the other, according to the 
Figure of the Veſſel; and in each este it will 

not be very difficult to diſcover the true Mean, 

or a near Approximation, which without doubt 
is ſufficient for Practice. e 


8 54. 1 

| Tm therefore in the firſt place the 1 - 

Fig. 9. 24 bb repreſent the Section of the Water which 
is to be conſidered, whereof A B is the greater, 

and 6 D the leſſer Axe, and which interſect 


Figure: Then having calculated the Sums af 
of all the Elementary Products beforemen - 
tioned, we find the Momentum of this Figure, 
With reſpect to its nen A AB, or the Value 


of [ABJ==—. AB. CD: and with bd to 
that of C D, hy Momentum will be ft”: | 
l Dl No nh D. AB; from whence it is evi- 
dent, that * latter ak theſe. two Aenne 
is much greater than the former, and that in 
Proportion as the greater Axe ſurpaſſes the 
leſſer. Thus, for Example, if the great Axe 
AB was four times greater than the ſmall one, 
5 — —_— 


each other at I, the Center of Gravity of this 


 Confiruttion' and Properties of Veſſels: EEE. 
or A BSC D, the firſt Momentum will be to ends” 


the ſecond as 1 to 16; and in general theſe two 
Momentums will be to each other in the inverſe 


Ratio of the Squares of their Axes, that is ro | 


1 we e ſhall always have this e 25 
[AB]; [EDJ::TD; AB, Sy 
. 55. IF $03 1 


5 3 Nn I 
6, a 


VII. 


Ws the bende AB 0 D now | ces 
the Section of the Water, -whoſe two Axes allo, 


interſect each other in the Center of Gravity I 


of the Figure; then, after making the neceſſary 


Calculations, we find the Momentum, with re- 


| ſpect to 8 great Axe: AB, or the Value, of 
[A B 5 * B. CD D, and the Momentum, with N 


| ; re to = ſmall Axe, or [C D] == C D. "AB; 
48 


Fig. 10- 


ſo that theſe two Values do not differ from thoſe 
of the preceding Caſe, but in the Numerical 2 


Fa 98 in the firſt Cole Was ==, and 


in this Dor one fourth of the former, wich 


48 


18 ; worthy of Notice here ſince the Area of this 


Figure 1s preciſely half "That of the preceding 


one, From whence it already appears probable, 


that the Numerical Coefficients, for all other 
Figures whatever are in Proportion as the 


| Squares of Hit Areas, whilſt the ſame Expreſ- 


fions A B. CD D and C D. AB will enter equally 


into the Mn o all Fi igures. 


: e 8 56. 


R 


42  Confirution and pantie of 2 
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In order to examine this Buds let us u Give to | 
bs Section of Water the Figure of an Ellipſe, 

3 (ſee Fig, 8.) whoſe great Axe is in like manner 
AB, and the fmall one D; then having 

made the neceſſary Calculations, according to 
Methods well known, in which the Quadra- 
ET, ture of the Circle is found to enter; where, if 
we put 7 = 3, 14139265 = Circumference of 

a Circle, whoſe. Diameter is Unity, we thall 
have the Momentum of this Ellipſe,' with . 


reſpect to its great Axe AB, or LA BJ= = = 7, | 


A B. ED D, and the Momentum, with teſpe | 
t to the amel Axe, or l DI=Z.CD. AB; 


4. Numerical Coefficient | here | 1 
{ . N 
whillt in the Cale of the Regen it is LAT has. 


{of 


T. 1 
fore cheſe 1 two Coefficients are as be! as * or as 


| T: 2 . But the Aren of the Ellipſe | being 


5 Z AB. CD, it is tothe Area of the ReQangle 
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as 143 and wee their Squares asTT: 16. 
It muſt be acknowledged, that theſe two Pro- 


portions are not perfectly equal; but the Dif- 
ference is ſo ſmall, that in Practice we may 


boldly warf uſe E's the r mentioned i in the 
preceding 


— 


— xe voz 
* = £ 8 = 
. . n 
=, A = 
— 
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preceding Article; ſeeing that the Nature of car. 
1 =o itſelf is not 3 of a n VII. 
5 Fare 6 e — 


8 57. 


5 is us therefore make uſe of that hs. 
and whatever Figure the Section may have, . 
let us ſearch the Area of it, in order to 
compare it with the Avea of the Rectangle Fig. 9. 
aa bb formed. by rhe ſame principal Axes of | 
Area 
| the Propoſed Figure, and let us put Fen Ich” 
ſo that we may. inackCaſe regard this Frac- 


tion « as known, and then the Momentum ef 
this Section af the e e * e 


AB, vill be [A B] =— AB. 5, D, and 


in „e eme manner the Mole! with . 
ſpect to its ſmall Axe [CP] — CD. AB. 


Ye 


Thus are the great Difficulties which at firſt 
preſented themſelves happily ſurmounted, and 
| that in a manner ſo caſy, that we may uſe it in Plate U. 
Practice almoſt without any trouble. From ſb ” 
thence we are able to give the Momentum for 
any other Axe MN. of the propoſed Section of 
Water; for putting the Angle A I'M as be- 
fore =, we ſhall at Grit bu have the Mo- 


| mentum ought '[M = AB. CD. 


ED. col * 4 AB. Sin. ral ar oh 
| 3 1 CHAP. 


This Conrado 4 Proper 11 Ve ah. 


ear, pelo: 
A. HA p. VII. 


* 


* 
- o * % e 


i upon the other 88 which enter 
Into, the DM oh the * 


TAVING retnovik all the L Difficulties 1 re- 
5 ſpecting the Momentum of the Section 
55 of the Water, which contains the principal Ele- 
ment of the Stability of Veſſels, let us conſider 
alſo all the other Principles which concur to 
eſtabliſh the true Value of the Stability of Veſ. 
fels, in order that we may be able to determine 
how ʒ much all the Circumſtances of a Veſſel are 
capable either of augmenting or diminiſhing the 
Stability. For this Purpoſe let us conſider our 
Expreſſion, which gives the Value of the Sta- 
bility with ee to any Axe M N n 


and which is s . (MN]J—M. OG. 


„ 
2 - 


e gs 59. 1 ee 
. he OY we perceive that ct w. eight f the 
. Veſſel Mis a Factor of this Expreſſion, fo that 

as long as the other Elements remain the ſame, 
the Stability is always proportional to the 
Weight of the Veſſel; by this Means a Veſſel, 
_ -whoſe Dimenſions are twice as great, ſince its 
Weight will then be eight times greater, will 
alſo have its Stability augmented eight times. 
This is 5 de finge great Veſſels 
are 


' Confiruftion and Propertics of Ve N. 
are . expoſed to the Action of much greater CHAP... 


Efforts 3 and as theſe Efforts are in propor- 


tion to the Surfaces of Veſſels, or the Square 
of their ſimple Dimenſions, and their Diſtances, | 


from the Axe of Inclination in proportion to 


VI. 


eh. 


theſe ſame Dimenſions, it is evident that the . 


Momentums of theſe Efforts will be proportional 
to the Cube of theſe Dimenſions, or to the 
Weight M of the whole Veſſel, allowance be. 


ing made for the Inequality or Diſimilaricy i in 5 


their Figures and Conſtruction. "21 


8. 60. 


Let us now confidet; the Volume * the i im- 


merſed Part denoted by the Letter V, which 


might well be regarded as equivalent to the 


10 


Weight 'M of the Veſſel, ſince a Maſs of 


Water, whoſe Volume is = V, would have the 


ſame Weight M: but this Volume V does not 


here enter into Conſideration, except as a geo- 
metrical Extent of three Dimenſions. For this 
Purpoſe let AC B) be the Section of the Water 


of a Veſſel, whoſe two Axes AB and CD are 
the ſame as heretofore, and interſect each other 
in the Center of Gravity I of that Section; alſo- 


Fig. 11. 


let AEB be the vertical and diametrical Section 


of the Veſſel from the Section of the Water to the 


Keel, this Figure will then repreſent to us the 
Body of the Veſſel, whoſe Volume we ſupp oſe 


— wi V; let alſo the Center of Gravity of this 


Volume be Roll placed at O, and the Center 


of 


16 | Confratio: and Proeris of 2 


tA». of Gravity of the Veſſel itfelf at G, in nder _ :;. 
VIII. have the Interval O G, which enters likewiſe 
—— into the Stability, ſince it may very well hap- | 
pen that this Line G O does not paſs through 
the Point I. We ſhall therefore now have the 
Depth of the Body or the Draught of Water 
repreſented by the vertical right Line I E, on 
wich the Volume V principally depends; fo 
that we may always conſider it as a Product of 
the Water Section itſelf by a certain Fart of 5 
* . ky 


$68 ob 


Wich elpekt to the Auen of; ah Water "008 
tion, we have already remarked, that it is al- 
ways leſs than the Rectangle of its two Axes 
AB and CD, and greater than a Rhombus, 
- whoſe Diagonals are AB and CD; let us put 
| therefore as before, this Area &. A B. C D, 
where 4 is a Fraction leſs than 1, and greater 7 


than —. Now i is plain, 1 the Body ſhould 


A he ſame Heighth.« even to the Kerl, or 
_ that the Pranſverſe . were Ne . 
the . would be, 125 
| vs., AB CD. Ik. 8 
Bur if all the tranſverſe Sections avs; Tags, 
whoſe Points terminated in the Keel, then the 
Area ACBD ought to be only multiplied. by 


Ve AB. CD. 1 FE. 


We muſt ſtill remark, thx. if this whole i Body 
Vas a Pyramid reverſed, and terminated at the 


Point E, we ought to multiply the Area ACBD 
only by one Third of the Depth TE: But 


this laſt" Caſe being entirely excluded from 
Practice, we may conſider all the Bodies as 


Peper between the two procemng. Caſes ; 0 


tion of the Water by ſome Part of the Depth 


or f. 1 E, where { alſo denotes a Fraction con- 
tained between the Limits 1 and £ * the true 


Value of which, or nearly fo, it will not be 


very difficult to eſtimate for each Caſe. F rom 


b thence we ſhall have the Volume of the Body 
Da f. AB. CP. IE, fo that this Expref- 


I ſion i is always a certain Part of the Solid formed 
by the three Dimenſions. AB. C D and TE. 


| But the Coefficient 5 will be always leſs than 


* and rate chan 2 Gince both/the one and 


b the ather of tobe row Les nd Þ ge con- 


tained between the Limits 1 and * 


To 
| II 


8 0 


The Wer OG ſtill remains to "i IM 
dered, which is compoſed of two Parts, O F 


3 
half the. Depth IE, ſo view ſhould have omar 


„ 


S 


/ 


— wa! Properties of 7 1. | 


CRAP; and F G, of which OF is determined by t 
VIII. Figure of the Body only, whilft the other FG 


depends upon the Weight of the whole Veſſel; 
and according to different Deſtinations, it may 
happen, that the Center of Gravity G will 


be more or leſs elevated above the Section 
of the Water, or that it may even fall below 
it; in which Caſe the Interval F G would be- 


come negative: But with reſpect to the Interval 
O F, let us ſee what Proportion it will have to 


the Depth I E, in the three Caſes before men- 
tioned. In the firſt, where we have g = i, and 


where the Body has in every Part *. ſame 


7 Breadth, it is pin that we ſhall have OF =— MH E; 


* 


in che hes Caſe, where. = a and al the 


tranſverſe Sections are Triangles, we ſhall 


| have O N == E; and finally, in the third | 


| Caſe, 8 Ne Þ we ſhall have OF = I E. 
5 rom whence | we conclude; that if we had ; 


=>, we ſhould have or. TE, and 
7 


7 


therefore having already found the jun Value of 
of G, we 1 always ſuppoſe the Interval 


OF= IE, & ids our laſt Element 
ah 22 


5 vould become | 


bana, and Properties 5 Ve 4. 


9.63. 1115 
Having 3 al he ge. ig which 


Mart 


enter into the Expreſſion of the Stability, we ob⸗ 1 
ſerve, iſt, That the Quantity [MN]: contains 


four Dimenſions, or that it is a Product of four 


Lines mu ulriplied together ;.and. 2dly, that the, 8 
Volume 1 is a e of three Dimenſions; 15 


a =: x 25 ; $7 which being put =L, "the ; 


ol ill expreſs, 5 


3 


cn „ . 
12 


— pomp uae 


Stability will be.= Mx == O, from whence 5 
we. perceive, that this Line 1 muſt always be 


greater than the Interval OG, and as it de- 
pends on the Axe MN round which the 
Inclination is made, it will become the leaſt 


poſſible when the Axe MN coincides with | 


the great Axe A B. It is therefore abſo- 
lutely neceſſary, that this leaſt, Value of / be 


ſtill greater than the Interval O G. Hence, 


if the Stability of Veſſels with. reſpe&t to the 
great Axe AB be TNeReary great to re- 


fiſt all the Efforts, we may be certain that for 


all other A 155 Stability will de more than 
anne et HS VER FE 17 


i 1 N * that Ny 1 8 64. * "IO TS Ta 28) 
If Veſtls were in all reſp Jet 
milar to each other, and their Weights in 
Proportion to the Cubes of their ſimple Di- 
menſions; ſo that the difference 1 — 0.0 


was ras el in Proportion & to theſe imp de Dimen- 


* +* 0 3 * . 1 - % ; 
z 4 * 1 g * 4 * 4 4 . 5 4 A 
* * =” > A 4 E 8 ® 39 © 18 WT 7 * 1 
p * * * 4 8 => | PX - 


perfectly 1 


£&*.k 
580 


chAY. 5 their Stability en be in * 3 
VIII. to the fourth Power of the ſimple Dimenſions. 
* Therefore ſince the Efforts' to which Veſſels are 
' ee are in Proportion to the Cube of their 
| Dimenſions, great Veſſels would in "Proportion 
have more Stability than ſmall ones; and 1 more-" 
over; being agitated by like Efforts, they would 
receive a leſs- Inclination than the ſmall ones: 
TEE From whence it ſeems, - that with reſpect to 
great Veſſels, we might very well diminiſh their 
Stability, and make it Proportional to the Cube 
of their Dimenſions. But it is neceſſary alſo 
to remark, that equal Ihel inations might be- 
come fatal to great Veſttls, © at the ſame Time 
that ſmall ones would be out of Danger; from 
Wahence we muſt conclude, that large Veſſels: 
require in Proportion'a greater Stability" than 
ſmall ones. But we mall examine this Matter 
more particularly 3 in che followitig Chapter. 5 
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and with” reſpect to the leſſer Axe 1 D che & 
4 greateſt; and even the þ former 1 is to the latter as 5 


IN mY 4441 


2 111 188 


D to 4 B: PE 51 therefore evident chat the Sta. N 


bility of a Veſſel with reſpe& to its great Axe 


0 
HAP. 


AB is alſo the leaſt, and with reſpect to its leſſer 


Axe the greateſt, and that i ina Proportion To. 
greater. than CD to A AB. For ſince the Sta- 1 


oy with reſpect 1 to | the Axe A B has beep 


* 2 98. and, | that, id 


eee 10 alice: o = M * 1E DJ. 06 


* N my LT, oy N Lie . 1105 K 1112 | 


it is 8 that theſe. ho, e bear tO. 


each other a greater Proportion chan their firſt 


Parts [AB] and 1k DJ. iner each is dimi- 


niſhed by the Quantity. 0 © But it is alſo 
neceſſary that the laſt Stability ſhould be greater 
than the firſt, ſince the ſame Efforts or Shocks, 


when they are made upon the Head or Stern, 


produce a greater Momentum than Weh made 


upon the Sides of the Veſſel. But their Pro- 


portion is; at molt, in the Ratio of A B to 


C D. Therefore ſince the Stabilities them; 
ſelves. preſerve a much greater Proportion, it 
is plain, that when a Veſſel has a ſufficient Sta- 


bility with reſpect to its great Axe A B, chere 
can be no doubt ol its having a ſufticiear | | one 


with reſpect. to its lef r Axe 0 D: For which. 


E 2 reaſon 


— 4 hl 145 > ant r - — „— — 


— x . — PEE 7 AE AIDS n.c9 
. 117177. e 11 Danroutumgt —— 
4 4 
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char. reaſon we ſhall in this Chapter, only conſider the 

IX. Stability with reſpect to the great Axe, A - 
RIG and examine by what Means this Stability may 
de increaſed and carried to a Dogon: 5" 
| forthe oor: of et Veſſel.” 229 £8 19. IR 


| The Maden of the Section of Var 
5 Hh reſpect to its great Axe A B. has been 
found [A 518 24 K B/TD, where « de- 


; notes the F raction which! 18 found by dividing 
the Area of the Section of Water AB CP by 

the Rectangle A B. C D, and where it is ne- 
ceſſary to remember: that a is wy comprized 


| | between the Limits of 1 and * Now we may 


— 


i638 - 


always conceive the be Volume V. as 
the Product of the Area of the Section of 
Water which has been denoted by 4. A B. C D, 
multiplied by a certain Part of the Depth 
LE, which Part we have put g. IE; it, muſt 
be obſerved alſo; that Þ is Ae a Fraction 


; contained between 1 and - =" fince the F irſt 


would take place if all the tranverſe Sec- 
tions were Rectangles, and the Second if they 
were Triangles whoſe Points terminated at the 
Keel: It is true that in theſe Limits we have 


got taken into conſideration the Obliquiry with 
© 7 | which 


7 
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which the Body riſes towards the Head and GAP: 
Stern, from whence there reſi ults, without | 

doubt, ſome Diminution; however! it does not — 
appear n_ the Value of can ever become 


le that 7 ne At all events we ſhall leave this 


T erin G indeterminate; 51 8 Nane we have the 
Volume V 4 6. AB. CD. IE, and there- 


fore t the firſt Term of the S _— 


11 tr a4 P 
ho 1 4 14 N + ! #549 : 1 
TH 


will be 33 Sr 7 A e the Length AB 


vaniſhes out of the Calculation, but it enters. 
again into the Weight M. | . 


Fd * 
K ST On HO. 
F # | & 1 „ 3 7 


bras with: SY to dae el | 
O 8 ans F 155 F 8 we have ſhewn that the Part 


. 
1 5; IE; 
conſequently our Exprefion for the Stability, 


with reſpect to the Axe A B, will take this 5 
8 OE | 


OF may always be ſuppoſed = 7 


From Few upon t the firſt view we draw this 
abſolute neceſſary Condition, that the Expreſ- 
';- 23 2 


CHAP, tei 


. 


cumtruhion and Proeric of 2 


1 e 
fon f 35 6 if” E Te muſt Hoon bs greacer [than 5 


the Quantity 1 Erd, Eor it dle 


two Quar dities were equal, the Equilibrium of 
the Veſſel would be inſenſible; z and if the F irſt 


Was leſs than the Second, the Equilibrium 


Parts be multiplied by © —. 155 chat it | may 
take this form: e 10 5 1 | 
5 >- 2288 E 4228, ASC 


would be anftable, and the Veſſel would be 


overturned by the leaſt; Agitation. In order to 
render this Condition more intelligible, let both 


26 


B+. 1 MW 


From e we obſerve, that the Square of 55 


the Breadth C TD. "muſt always be greater Fa j the 
Value of the Expreſſion | 34 8800 


Abbreyiaen, 


1the 


2888 TE += 28, 15. .f. {i 
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In order hat this important 8 re- 
ſpecting the Stability of Veſſels may be the 
better underſtood, let us Tu tbr the: fake of 


of 40 LESS »Þ 


| . 2 = p 4 8 * & & 0 * 1 7 
erh enengg 2c 05.9 $157 
o «4 4 R - j N ; 


2 | \. f 
dien ane Fropertics of Foſſe. ; 


then our Condition will be ri porn in cy AP. 


this manner Wy To 
the two Letters % and 6 may vary 


ll * 
wc. 
Hu a” 


: from 1 to 1 : and perhaps the laſt 6 become even 


14 E 2 1 f © 2 — 
S Ly BEEF 0 Oro oel 


leſs than pa ba =P we ſhall exhibit the vat! of the 


„ 


Letters m di x in the following Table, where 
we give to a ſucceſſively the Values of 1; o, 93 
o, 8 o, 75 o, 63 and o, 6; and to 8 thoſe of 
1; 0,9; 0,8; o, 73 0,6; o, 53 and o, 43 
which Values of m and u, reſulting from each 
Combination of the Values of « and 65 we ſhall 
 exprels 1 in Decimal Fractions, ws Ss 
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There cu beink dove ber all the poſſible 
Caſes are contained in this Table, yet as the 
extreme Values of the Letters « and g are ex- 
cluded from Practice, the actual Caſes, which 


uſpally have place in Veſſels, muſt be ſought 


for 


2 FR Rune of Poſſe 


* n the middle of this Table a 
as nothing more is here requirod than to aſſt 
; certain Limits which the Square of the Breadth 


© J-a% 


bie 3 a ſcrupulous Preciſion wool here be very 


"57 


egg. 
IX. 


A — one 


ill placed, For which reaſon we have only to 


take care that theſe Limits are not eſtabliſhed too 
ſmall; and for this purpoſe it ſeems that the 


Caſe where « and Bare each = = 0, 8 is very pro- 


per to be applied almoſt to every Veſſel uſed in 


Navigation. In this Caſe therefore we ſhall 
have m5, 34 and n= 125 DV and our other 


Limit will be OO 11 


. * 7 
x. F * + #X. 3-4 2 . 4 * A 


ED> 5, 34. TE 4 22 1E FG. 


However! i in order to ſhow how a ſmall difference 


would influence the Value of CD D, we ſhall here 
add another Caſe, where « * = O, 7 and ws = o, To 
wen will give us this Limit 34 N 75 


4. 


Md” TE, + 15. 1b. FG, 


11 
ul 4) 5 r e 
i the MH Cale: all depends upon _ Pro- 


portion which the Heigbth FG bears to the 


Depth of the Body I E, where it appears proba- 


ble that the Heighth! F G does never ſurpaſs half 
the Depth IE; and with reſpect to the Caſe 


where the Center of Gravity G falls under the 


18e of the * this Depth will be always 


"Tel a 


| 
| 
| 
4 


SUSE: « «leſs than Us: Thus, by ſuppoſing the Center 


, s 


of Grice 61 to be ſituated between thoſe 3 
| mits, we mall bave the following Hypohets 
for boch Caſes. Fa Pl FE rt” 


TR STATS. © 


Wy the Cale mhere a= = o. 8 and g= o, 0, 8. 
007 3ISQ3HOK 2: þ 3.55 . | I? 
0 ſto "RY * 0) 5: IE, we ſhall have 

| ba Cb 11, 34 TE, and therefore 
1 cp 3. 37s IE. | 
, 14. in EG = 0, 4. IE we ſhall N 
55 > 10, 14. IE, and eee 
2 ;CD>3, 19. IE. 
» _ If FG=o, 3. IE, we © ſhall have ; 
—_ 55 8, 94. IE, and therefore 
cp a, 99, IE. Pe 8 
4 EFG = ©, 2. TE, we ſhall le 
+ ED: > 7 74. IE, and therefore 
CD, 79. 1E. 

"ue fFG = = 0; 1 TE, we ſhall have 

Wg Met 5 520 PE 54. N therefore © 


* by K4 44 * * 74 


k 5 =O, ele me e ſhall bare, 


15 CD D: > 5, 34. TE; and therefore | 
"ity 70 nt "Om 5 ger BY 2113 W ; 


— 
x 


Confruion and Propentis of Peſfets. 
Os EGS d x: TE, we ſhall here 


55 4 TE, a and therefore 


CD > 25 04. IE. 
gb. 1 FG Alan we Wall hast 


825 EDS! ; bay 94. TE, 
1 I, +: 125 


Ab., we wan have 
"i and therefore 


and therefore 


5 D: > I, 74 
CD D, 
_ Caſe — "rn and g e. 7: 

* 17 FG S on 5. 1 E, we ſhall hare 


555 10, 94. IE IE and cherefore 
ces, 31. TE. 


2d. if EO o, 4 IE, e eil here 


TD 95 74 IE, and therefore 
"PEN 19.1 18 1 


| eben 5%, WY and a therefore 


_— 
* 


m. IfF G'= 155 we e ſhall bare 


1 
G ; 
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VE ebe, 14% TE) o begebe 
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5 ee and | Properties of Veſſets. 
; n if FG o 1. IE. we ſhall have e 


655 6, 14. IE, and therefore 
CD 2, 48. IE. . 0.1 - 


* If FG > 0, o IE. we ſhall have 15 


115 
ED> 4 94. IE, and therefore | 
Cp 2, 2g. TE. 80 . 


5 5 1E FG = 7 I. 1b. we e ſhall have 


0 D 4 74: TE, "and therefore 
eee 


zich. If FG = —o, 2. IE, we mall have 


S5: 2, 64. IE, and therefore | 
CcD> 1, 60. IE, 


pa e e IE, we mall here 


65 1, 34. IE, and therefore 
cpu 16. 8 


— 


421 


{ 3 


AW 


} 
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This c will ere furniſh us 
with one of the moſt important Rules | in the Con- 
ſtruction of Veſſels, which is to give a proper Pro- 
portion between the Breadth of the Body and its 
Depth, when the Heighth of the Center of Gravity 
G is known; and we ſee that whilſt the Center 
of Gravity G is ſituated above the Water; the 
Breadth of the Veſſel C D muſt always ſurpaſs 
the double of the Depth. | IE; and chat in pro- 


5 portion as the Center of Gravity is more ele- 


12 


vated. 


* 
—— 
—— 


erties of "oY 


wad 4 But as we 1 only aſſigned: the 
Limit.which, the; Breadth C D muſt neceſſarily 


exceed, we ought to enquire how much it 


muſt exceed this Limit, As that depends on 
. We ol abe en 3 a 3 Hob 


| 3 to eee e us eke for | 
example, that a Veſſel, may ſail in great ſe- 
curity, the Breadth of whoſe Body C D is to its 
Depth IE as 5 to 2, or that CD 2. IE, 
and that its Center of Gravity is ſituated preciſe- 
ly upon the Surface of the Water or FG o: 
This being granted, ſince © our firſt” Caſe gives 
CPS 2, 32. IE, which differs from that of Ex- 
perience by o, 18, or nearly the thirteenth Part of 
our Limit, therefore, by augmenting each of our 
Limits one thirteenth Part, we ſhall find the true 


'S 
Value of the Breadth C D: But the Limits 
for the other Caſe ark Mya to. 15 increaſed 
One eighth P Gp; 91 * £ 2 I C q Fd? 14 
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"With gesetz e Depth 1E of the Body, 
it is here proper to remark. that Builders, com- 
monly. give to Veſſels a little more Depth to, 
wards. the Stern, than, awards the Head ; 5 in this 
Cake | it is evident chat gur Depth LE, muſt have 
a certain Mean. The, common reaſon, given 
for ſach. A Conſtruction is, that Veſſels are 10 5 
managed more. cafily 3 but ut the. true, reaſon; is 
b | | wichour | 


eftay; whos gbd, thi 
IX.” 


Way puſtied by the Wind/its Keel chen becom — 
7 horizontal p fince the\Porte of the Wind com 


monly gives to che Veſſel an Inelination Wee 
the Head. And with regard to all that we have 


yet ſaid ve obſerve; that beſidles inc 


iis 


the Section of the Water, the moſt effeckual 
means to "augment the Stability, is to carry 
the Center of Gravity G as lo as it i poſſible; 
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HENEVER a Veſſel has felis 
Inclination from, 


produce it, it will be urged by its Stability 
to return t an Equilibrium, and hat by 


ah accele rated Motion; from Whetice' it ne- 


ceflirily: happens that it will paſs beyond it 
to an oppoſite Inclination, until this Motion 
ſhall be deſtroyed, by Which means the Veſſel 


will again return to its State of Equilibrium, 


and will vibrate. in the ſame manner as a Pen- 


Z 4303] 12 HY? - 


dulum 


- when "hs veſſel is Wader pl 


* * 
* 


V its State of Equili- 
7 brium, whatever may \ be. the Cauſe which 


— 


cold. an nne f 2b, Tr 63 


dulum makes its Oſcillations. This Motion CHAN 
will alſo be equally regular, vnlels it be diſ- Þ 
turbed by the Reſiſtance of the Water, of which, 
| we ſhall not here make any Account. 'There- 
fore, ſince theſe Vibrations of a Veſſel round any 
Axe whatever to which the Inclination has been 
male, are perfectiy like the” Oſcillatons of a 

| Pendulum, the Nature of them cannot be better 
knoyn than by deterriſning the Length of 4 
ſimp le Pendulum, which Would make its Oſcil. 
Loki in equal Times. Such 4 Pendultim is | 
named Tochronal 10 aps of a Vellel;” 


e ee e eee ada en 


14 L 4 2 F * 
6 WET. -, 7 | * 74 3 9d r Ok 
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But Wen Wi the ala te of kl a Ve le 
2 Peadututn, which we ſhall put = the Princi- 


(3115 


ples of Mechanics have Furniſhed the following 
Rule for determining the Time of « one Oſcilla- 


110 ' Th 1 1 


tion, At firſt it is neceſſary to know the dif- 
tance, ;which : a Body deſcends freely i in one Second 
EY T. ume. This is Is found by Expe eriment t to be 
16 Feet Englim Mech, | Which we 
Wel! here denote by, the Letter g g chen foppoling 
5 che 1 Letter Tt "denote, the Circymference of a 
<c cle whoſe” Diameter i. is Unity, „the Time of 


% FLY þ yy 4 323 


ſuc ch ar an Oſcillation e exprel ed in Seconds will be 


Alls 771 4 
| > ed OM we 18 LIED i 4545 $4 
Date; A. or wemuſt divide che Length 
I #& A LIE TY 2 1 T4 * ell 2 10 om 24. * Ni | 


of. the. Pendulum I by doubl e the Heig hch be 
ant — the Square Root of this Quotient 
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ener. by. 1. or or by , Deere. 
— daten then we ſhall have the” Time of 0 


- * 


Oeeſacien expreſſed in Seco . © 93740 by oe oy 
| 4421 STE an 172 by 10 NI. Ha: 1 Be 
\ 14 . ; ($84 ** 5 315 Z * R * 75. 51502 9 DN * 75 at 


nz 21.220 i tongs ic © WP A: 


Dai ano neceſſary. to a rap gh 9. 
ſed Caſe this Length 1 of an Ifochronal, 72 5 
. which, without doubt, is 4 Queſtion 
that requires, the; moſt, profound Reſearches : 7 
But for our purpoſe i at will be. ſufficient to. re- 


late here, imply the ; reſults which are derived. 
from the Principles of Mechanics. As e 
ſhall here conſider the Queſtion in general, 
when a Veſſel - is inclined round any Horizon- 
tal Axe whatever paſſing through its Center 
of Gravity z it is above all neceſſary to know 

= the Stahility of the Veſſel with reſp ect 1 this 

= 1 Axe, which 1 is always a Froduct ” the, Wei ght 

' * NM of the Veſſel. by a. certain, Line, which | 


£7 4 21 * 


we ſuppoſe. = —— "Sa, by this means the tability 


— 


fy 


will be= = M oy beſides. it is. alſo .necefſar 
know What in Mechanicks ! 18 called dhe 
mentum of kerze of the Veſſel with "relpe 
to the fame Axe, 7 5 is s found by m [ti- 
phing every 189 Ry Part of the Ktats a 


Ni 


AP tte Veſſel, each by the Square of its 'Dil- 


175 tance from this Axe, and»by: colleRing all theſe 
bo Products into one Sum, which we ſhall | expreſs 
a \ * M. 2 eus chat it vir be as 5 a Fro. 


9 * 


bs. 
by 
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duct of, the entire Weight M of the Veſſel, cn AP, 
multiplied. by the Square of a. certain. Line, X. 
which we here put r. But theſe two Ele 
ments being known, the Length of the Iſo- | 
_ chronal. Pendulum will always be found, by di. 
viding, the Momentum of Inertie M. r by 

the e M 8, therefore we ſhall have ä 


EN | 5 
* 1 e REM ; * x E ; 4 1 * : 
1 „ 5 ” , : 
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E gd: 
by os £ be e Denen we ſhall 
"Eonlider the Caſe where a Veſſel makes its Vibra- 5/0 
tions round the great Axe directed from Head 
to Stern ; this Motion is named Rolling; and | 
by which the Veſſel is alternately inclined from . 
one Side to the other: le is at firſt neceſſary to 
remark, that this Motioh may be preſerved a long 
Time in a calm Sea, ſince the Body of the Veſſe! 
is in general ſo much curved round this Axe, its * | 
Motion can meet with little Reſiſtance in the Wa. 
ter, whoſe Efforts being directed very nearly to- 
wards the Axe itſelf, will produce but little Mo- 
mentum capable of diſturbing this Motion, It 
will therefore be eaſy to obſerve the Time of theſe 
Vibrations, and by this means we ſhall find by 
one Experiment only the Length E the Ifochro- 


nal Pendulum I= an 0 chat rom thence 


we re tight alien the Value of one of theſe two. | 
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E ets. 
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known. Beſides we alſo perceive, at this. 


"—; Motion of Rolling will be fo much the mote 


flow and gentle in proportion as the ffochronal 
Pendulum becotnes longer; from Whence It is 
cyident, that, ſince it is not proper to diminimm 
the Denominatot 5, it will be rieceſſity to uſe 
the means of increaſing the Numerator 4 
as much as circumſtances will permit. We 
ſhall obtain therefore this augmentation of the 
Length! by placing all the Weight of the 
Cargo as far diſtant as poſſible from the great 
Horizontal Axe, which paſſes through the Cen- 
ter of Sp rag G according to the Length of 


$ 77. „ 
'T ha W made e his | Tranſverſe 
Are of the Veſſel are very neut the ſame; 


theſe. we call Pitching; by which the Veſſel 
is alternately inclined towards the Head and 


Stern. But then in the expreſſion 12 — 


the Denominator 5 is much gteater chan in the 
Preceding Caſe, ſince the Stability with. reſpect 
to this Axe is many times greater than that 
"which correſponds to the other, from whence 
the Value of i would become much lefs, and 
therefore the Motion of the Pitching more 


bil. But we muſt likewiſe confider, that the 


F Value 


Conf n and Properties of Veſſels, _ ME 
Value of the Letter, r.is in this Caſe. wh CHAP, 
greater than in che preceding one, ſeeing that br. 
all the Weights contained near the Head and * 
Stern are very diſtant from the Tranſverſe An; 
and chis circumſtance might occaſion My great a 
Value for the Letter I as in che ng Caſe; 
But this Motion of Pitching. could, = conti- 
nue ſo long as that of Rolling, becauſe the 
Head and Stern, on account of their Obli-. 

quity, would ſuffer a very conſiderable Reſiſ- 
tance by Diping and Riſing alternately, there- 

fore this Motion will in general be yery ſoon © 

deſtroyed, the Water i ee Perg 35 

; calm. 8 


＋ . „ 

But when the Sea is much agitated, we 
cally conceive that both the Rolling and 
Pirchiog muſt ſuffer very conſiderable alterations 
from it, ſeeing. that the alternate riſing and 
falling of the Waves themſelves are capable of 

roducing a vibration in the Veſſel, altho' it 
100 not received an Inclination from 'any other 
= Force. But in order to determine the Motions 
with which the Veſſel would then be im prefſed, 
Theory leaves us entirely in the dark, ſee- 
| | ing that on ode ſide we are Rl abſolutely 
| E ignorant « of the Laws by which Water agirared 

5 acts upon Bodies which float therein, and on 
388 ae hey the — 8 1 N bee 8 1 


: Fob Means ns 
4 d 1 4 . 


h | F 


nin and ro 


Pine place for the 


F "it 9290 and therefore alſo the Length of 


= the Iſochronal Pendulum, which we have juſt 
aſſigned, becomes entirely falſe. Alſo expe- 
rience has ſhen us that the Forces which a 
troubled Sea exerts by its Waves upon a Veſſel 
are entirely different from thoſe which we ob. 
ſerve in a Calm. We even remark, that when 
a Veſſel is lifted up by the Waves, it rifes by 
an accelerated Motion, and falls by a retarded 
one; which appears directly oppoſite to the 
Principles that we commonly” Tus o_ the | 
action « Water. e | 
25 79. 

Hewever, alche⸗ we are very. far from being 
able to determine any thing with certainty upon 
this matter, it will not be improper to remark, 
that the Waves commonly ſucceed each other in a 
manner ſufficiently regular and by equal intervals 
of Time, ſo that when a Veſſel has received 
the firſt Stroke, it will receiye at equal intervals 
of Time the ſecond, third, &c. Shocks. * here- 
fore if the Veſſel, itſelf was of ſuch a nature 
as to make its Vibrations f in the ſame intervals 
of Time, the following Stroke of the Waves 
would always meet the Veſſel | in the ſame 
 Gruation as the preceding ode, and therefore its 


2 orce would ha re. united for to augment the 


ich means it might 
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at laſt hee dangerous. But if the aig in- nA. 


tervals of Time between the fucceſſion of the 
Waves, and the Vibrations of the Veſſel, were 


To proportioned among themſelves, that the 


'R, 


pat ets 


e. 


following Stroke ſhould deſtroy the Effect of 
the preceding one, the Veſſel might then ſuffer ip; 


very rude Shocks ; more eſpecially in Pitching, 


when the Head and Stern had received very 


quick Motions, and that new Efforts of the Water 


were ſuddenly oppoſed to them, as there might 


then well reſult ſuch a tremulous Motion in all 
Parts of * Veſſel as would RO” a loſs 
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of te Reſiſtance which Veſſels experience 
in their Courſes, and open the A gion 
of the Rudder. 5 _ 


Upon a — WM a | Phe 8 movie 


in Mater.. 


8 I 
8 long a as a Body immerſed i in Water con- 
tinues at reſt, every Part of its Surface 
ſuſtains equal Preſſures; which being reſolved 
into Horizontal and Vertical ones, the former 


mutually deſtroy each other, and the Vertical 
ones are reduced to a Force equal to the Weight 
of a Volume of Water, which would occupy. 

the ſame Space as the Part immerſed, and by 


which it is puſhed upwards in a vertical Man- 
ner, as we have already demonſtrated. But as 


' ſoon as the Body is put in Motion, it will then 


experience another Force beſides theſe Preſ- 
ſures, and which is oppoſed to its Motion; this 
we name the Reſiſtance of the Water, and 


which we propoſe here to determine: At firſt 


we 


Cunſtraction aud Properties of Feels 


; 7 4 
* F 
> 


vie muſt obſerve, that this Farce of Reſiſtance CHAP, 


depends principally on the Figure of che Body, 


Wzhilſt che Preſſures belore / mentioned ate ab· —— — 


ſolutely i 


dependant; for which reaſon. it is 


proper 9. begin aur Reſearches. by the confi. 
derayon gf Plane Surfaces, which, are moved 


in Water with a, ceſtain Velocity, Boch in a 
direct and oblique Manner, A. Surface is 


mayved in a direct Manger in Water when the 


Direction of its Motion is perpendicular to the 


ſame Surface; but e if Fay Man 9 


den ra it. 


- 2 Ye"; 4 


1 25 


hs us \herefore conſider any ** Surface 
whatever moving in Water, according to the 


Direction E F perpendicular to the ſame Plane, 
with 2 Velocity which we ſuppoſe = = <, = 


noting the Space gone over in one Second 
of Time, as this manner of repreſenting Velo- 
cities will give us the moſt clear idea of them: 


then, ſince that Surface could not continue its 


Motion without puſhing the Water before it, 
there will happen a Colliſion; from whence muſt 
| neceſſarily reſult a certain F orce by which the 


Plate I. 
Fig. 1. 


Surface will be impeded or urged backwards; * 


and we ſee evidently that this Force, will be 
þ perpendicular to the Surface, and therefore 
4 n contrary to its Motion; or Mather, this 


F * Surface 


t Te 


: 72 | 2 A Propirties of 7 *. 


| CHAP. Surface will be in the ſame Situation, as if 

L being puſhed Horizontally it had to fuſtain' a | 
certain Column of Water; fo that if we knew 
the Heighth of this Column we ſhould have an 
exact knowledge of the Reſiſtance which this 

Surface meets with in the Water. e is 

8 required therefore to find this Column, whoſe 

8 Heighth will furniſh us with the juſt Meaſure 
of the Reſiſtance which we ſeek ; for we have 
only to mulciply! this Heighth by the Area of the ; 
Surface itſelf, in order to find the Solidity of a 
Maſs of Water whoſe Weight would be N 
equal to the Fe orce of the Reſiſtance. WH 


9 3. N 
But the following Reaſoning will lead " ta 


the knowledge of this Heighth ; It is at firſf 
evident, that the Surface ABC D, by moying 

| in Water with a Velocity = * will ſuſtain the 
' fame Effort as if the Surface was at reſt, and 
that the Water ſtruck it in a perpendicular 
manner with the ſame Velocity: but if in this 
Situation ſome Part of the Surface was pierced 
by a ſmall Hole, the Water would eſcape there 
— preciſely with a. Velocity = = A Let us at preſent | 
give to the ſaid Column of Water ſuch a 
Heighth, ſo that che Water might run out 
with the ſame Velocity at a Hole made in the 
Bottom; there cannot then be any doubt but 
the Surface” will in boch Caſes, be equally 

N e e 


| Surface =, the Solidity of the Colu 


Heighth = 5, and the Area of the Baſe, or the 


be yt b, and conſequently the Weight of an 
ene of "—_ will give us the true 


lar Manner, or ak 4 1 en 0 der 
r its „ Motion. - 
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But we ds both * Theory and Expe-· 


nence, that the Water contained in a Veſſel 
whoſe: Heighth is = , will run out through 
2 Hole in the Bottom with the ſame Velocity 


hat a Body falling from the ſame; Heighth 4 b 
would acquire: And if the Letter 4 degotes 
the) Heighth .zhrough- which a. Body, falls, in 

done Seconds: we allo know, the, 3VUoGHE: wil 


5 ben Wt * Time. Sinoe there- 
fore this Velocity is ſuppoſed = = 66 or 2 7 
PI by taking 1 the Square 45 b= 1 y from whence 


1 75 . Yr A © as abs 
* * * +1 23 


| | wel have the Heighth fought b = - 5 conſe. 
quently the Force of the Reſiſtance which the 


ſuppoſed Plane Surface AB\CD =" F. will 


Experience by moving in Water with the Velo- 
"+a. 97:7 
T's , will be = þ- 7 i and by this, Force 


y which the Surface 
will * prefied or 3 upon in a perpendi cu- 
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cugr. the Surface, will be acted upon in a Dir 


pion and Zrogatic Vati, 


8 
1 


contrary to its Motion: Hence . 


Pas Reſiſtance is always: proportional to the 


Square / of the Velocity, and alſo propor- 
tional to the Area of the Sprface itſelf, ſo that 


vr dis means the Reſiſtance is an deer, 
mined. n 8. P95 *6 ef ch lin 
18111. 44 LY TT 95 e S 53 2 nn ab 15 4 
. e  * 


„ 11 3420 241 <> 
Let us now, in the me. manner prot : 


the Caſe where the Surface A B C D is moved 
in Water with the ſame Velocity a, but in an 
oblique Direction to its Plane, and ſuppoſe this 

Inelination to be any Angle whatever . . 

Let A B repreſent the propoſed / Plane Sur- 
face, E F the Direction of its Motion with 
Aa Velocity = Se, and the Angle A E F 
it is then evident that this Plane will ſuſtain 
the ſame” Force as if it was at” reſt, and the 
Water ſtruck it in the Direction F E, wick the 
ſame Velocity: this Force might therefore ſtill 
be compared with the Weight of à certain 
Column of Water ſuſtained by the ſame Baſe; = 
and as this Force is Properly but a mere Pref. 
ſure, it follows, that it acts perpendicularly 
vpon the Surface A B in the Direction EG. 
| which will not therefore be directly contrary o 
be Direction of the Motion E. F; but having 
found this Preſſure E G, which ſuppoſe = = Y 
we have only to N it into two' others; 


ane 


- „ 


n E H, — G * 
the other in that of G H, which is perpendi Ton 
cular thereto, and conſequently does not op- === — 


K 


poſe itſelf to the Motion. From whetics” the 
| Reſiſtance; directly contrary to the Motion, will 
be = P. Sin. LE ſince the Angle EG H 1s ö FO. 
_ evidently. equal to the Angle AE F =p, and - 
| becauſe E H repreſents the Sine of that Au- 
gle, Radius being 2 E G. But in order to Plate I. 
find this Preſſure, let us apply the ſame Prin- Fig. 3. 
ciple which we have juſt made uſe of in the 
| preceding Caſe, and conſidering a Current of 
Water to ſtrike upon the Surface AB at reſt 
f irection F E, with a Veloeity e, it 
e chat if the Surface was pierced with a 
Hele ar E, che Water would freely paſb there in 
the Direction E H, without changing either its 
Direction or Velocity; let us now reſolue this 
Velocity into two others, one in the Direction 
EI, perpendicular to the Surface, and the 
other into that of I H parallel thereta ; chen, 
ſince this laſt has no influence upon the Mo- 
tion, the firſt only in the Direction EI muſt be 
confidered as the effect of the Shock Which che 
Sutface experiences. But becauſe dhe Angle 
Ir e. th Velocity in the Di- 
rection EI will be 2 C. Sin. 9: it is required | 
therefore to find the Heighth of a Column of Wa- 
ter, which being ſuſtamed by the ſatne Baſe, the 
Water would By out with a 8 25 . Sin. : 
, | p But 


— 


. 


: 
o 
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Ld > 


us in all Cafes where a Plane Surface A B= 
is moved in Water with a Velocity = and with 


nb, and Properties of x Velets. 


COD e r . an. 


from * we 1460 4 = my Sin. 2 " n 
m0 r 


* 1 


being multiplied by the Area of the n f*, 


vill give the force of the Reſiſtance in the 
Direction E G perpendicular to the Surface, 


t is the total Reſiſtance that we have called P; 


- 


| the Motion, mite P. Sins 


the Reſiſtance ina — contrary | to | 
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Thus, by ee be d conclu- 
oe ve have obtained Expreſſions which ſhow 


Manns W both the total Reſiſtance, 


c in. MY : 
— m of „ a8 wel "as chat in a Diredtion 
ag 4 13 . 15 4 8 ; 1 3 1 is 4.77 11 AY 3, ry FXIY . Ut 1 : A f N 


1 
- cor y to the Motion = . Sin. . F _ 


La nec v5muflai oo. fel eds $58 
aha firſt we ſee that the total Reſiſtance i is in a 
Ratio compoſed, iſt, of the Area f of the Sur- 
face itſelf; adly, of che Square of the. Velocity 

e; and 3dly,. of the Square of the Sine of the 

Obliquity, or of the Angle AEF gg. But the 

Reſiſtance in a Direction contrary to the Motion 

is in a Ratio compoſed, iſt, alſo of the „ 5 


. 2019s, of. 5 Square of the Velpei e e* 


— | | 5 


? but gdly. of the Cube of rhe. Sine of che Obli-: cn. | 
quity. It is upon theſe two Principles known - 1 
long ago to Mathematicians, that we have 
founded all the Theory of  Reſiſtahce which 
ſolid Bodies moving in any Fluid whatever have 
to overcome. We have alſo heretofore given 
different Demonſtrations of theſe Principles; but 
that which has been juſt delivered appears * * | 
the moſt we and concluſive. Nd" it os 


* # : 
Wc, > 2 ; k FP R — Ks 5 o 
: 31 2 — 4 £ * c , ö N * p 4 J | F1 9.x 4 
1 z AS 3A 4 Ts : £ is wr} ; 4 1 £4 4 f. E 1 S 11 5 22 
1 2 | | SITES + po 39 Or taut fabght Ts 
; : ** * 12 | 3 AF nf + 'D x 
* W. 


- * A * C 4 YAY 4 
5 $1 
6 IX 1 3 1 
Rea {ORG DD» 4 
1 7. "Web $374 The} 
+: * 


In order that this Mink may be the better 
explained, ler us compare the two, following kite I. 
| Caſes together. iſt, Let AB be a Plane Sur- Fig-+ 
face , moved through the Water! in a direct 
manner A @ with a Velocity Se; and 2dly, that 
another Surface A C is moved in the ſame Direc- ; 
tion with the ſame Velocity = c, but obliquely, 5 
| the Angle of Obliquity being aAC=g. Let 
the Area of the Surface AC be to the Area f 
the firſt A B as the Hypotheneuſe A C is to the 
Baſe A B, then having drawn the Line B 6 pa- 
rallel to A a, in order that theſe two Surfaces 
may oppoſe the ſame Column of Water; 
then! the Area of this laſt Surface A C will 
be This being done, dance the Reſiſt- 
ö Sin. © o 


ance of the Surface AB has been ae = —.— ef 


45. 
and as. the, Reſiſtance of the, Surface, A C, W-: 


contrary 


dane. Jer 4 Piopartie of TY 


CHAP. 


{A+ E 


; e in our aſt Expreſſion, it will 


Wt F 3 7 2. | therefore theſe two Re- 


FB as Voity to the 
Samuare of the Sine of the Obliquiry, Hence, 
1 8 W was = 460, becauſe ꝙ = 45* | 


and Sin. + = == , the Reſiſtance of the _ 


| potheneuſe AC * be preciſely one half of 


that of the Surface A B, and if we ſhould make 


the Angle BA C= 69", becauſe that of g 300, 
Ok. and the Sin. 9 82. the Reſiſtance of AC would 


a face A — and will at laſt almoſt entirely vaniſh. 
pt For taking the Angle BAC = $8, fo that the 
Angle G 10%, the Reſiſtance of A C will be only 


1 ; 8 2 7 Par of bat of AB; and if this Angle BAC 
; be taken SOA»! or ꝙ 5 the Reſiſtance will be 
EE : reduced to the -- part of i it. From bence we 


perceive e how the Reſiſtance of Veſſels 
map be conſiderably diminiſhed by * 
: and S the F ang . „ 


I this Compartn we have only confidered | 


#1 2 "| 


' to the” Motion, by benen, 5 


"4 | 5 become Gur times greater chin that of A B. 
7 Cs And in general, the more we increaſe the Angle 
1 S BAC the leſs will be the Reſiſtance of the Sur. 
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— den. 
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the Reſiſtance which is directiy contrary to the 
Motion: This, without doubt, is ſufficient, 
when it is required to determine the Force of 
che Reſiſtance that Veſſels experience in their 
_ Courſes; and we know already what method 
we muſt purſue 1 in order to find this Reſiſtance, 
whatever may be the Figure of the Veſſel. For 
we have only to divide the Surface of the Body 
into teveral very ſmall Parts, which we may 
; conſider as Plane Surfaces, and to ſearch the 
: Obliquity of. each. with reſpect to the Direction 
of the Motion. But it is likewiſe equally neceſ- 
ſary to determine in all Caſes what Forge the 
Reſiſtance. exerts for to incline the Veſſel; and 
chen it is neceſſary. to make uſe of our principal 
0 Expreſſion, Wy, denotes the total Reſiſtance, 


in order that" 0 mey 


. by 72 


5 by the lation 97 Fo orces deduce thoſe which 1 


are able to produce any Inclination whatever. 
Finally it is here neceſſary to remember, that the 
Letter g expreſſes : A Length of 16 Engliſh Feet, 
or very near, which en exact poor theſe 
Kind 4) Ree. 1 0627. 
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HEN OR Nous & A Vell Wrbilght | 
"VV © the Water 1s parallel to its Keel, or 
p72 to the great Axe of its Body, the Courſe 
is called Direct, in order to diſtinguiſh it from 


___- whoſe Directions are inclined to that of the 5 10 


Keel. It is therefore neceſſary that the Direct 
Courſe ſhould be firſt conſidered ; and in order 
to determine the Reſiſtance which the Veſſel will 
then experience, we have only to conſider the 
immerſed Part or the Body of the Veſſel, whoſe 
rute I. diametrical Section ler be repreſented by A B CD, 
Fig. 5. its great Axe A B will at the ſame time expreſs 
tte Direction of Motion; the Velocity of the 
Veſſel we ſhall always ſuppoſe = Se, or the Space 
run chrough with that Velocity in one Second of 
Time. Let A be the Head, B the Stern, and 
C D the Keel; alſo ſuppoſe G to be the Center 
of Gravity of the whole Veſſel, from whence let 

the vertical Line G E be drawn, — the 
Warr ng in F, and the Keel at E. 85 


. Let 


- a. 


2 and ue, if Ve 1. 
db . 10 nt SAT of! 


TL us at firſt. conceive, that. the givateſt — 


tranſyerſe Section of the Veſſel ſtrikes the Water 
with a Velocity = 2d and. that the Direction of 


fi 5 
ö 1 

=, 
4 2 4 


CHAP 


II. 


its Motion is perpendicular to this Section; 
this would be the caſe if the Veſſel was of a 
priſmatic Form, atid all the tranſverſe Sections 
equal to each other; the Head would then be ter- 
minated at A by a vertical Plane A a, perpen- 
dicular to the Axe A B, and equal to the tranſ- 


verſe Section F E, which we ſhall always con- 


| 4 Th 


Next! it is 1 that the mean Direction if 


this Reſiſtance will paſs through the Center of 
Gravity of the Plane Surface A a, which being 
_ ſuppoſed at c, the horizontal Line c d parallel to 


AB will ſhew the Direction of the Force equi- 


1 valent to the whole Reſiſtance that the Veſſel 
meets with in its direct Courſe; from whence 


ve conclude that the Veſſel will, in the firſt place, 
be retarded by the Force Eee and ſecondly, 


* F & # — * 


{cl 1 ſince 


ider as the greateſt. Let the Area of this 
Section A a be = = <5 fs then fince it ſtrikes againſt 
the Water in a direct manner, the Reſiſtance 
oppoſite to the Direction x Motion wil be 


4 * 2 
: g Ws * , 
bi , >; 
„5 1 
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per were 


| CHAP. ſince the Direction c d does not paſs dog the 

II. Direction of the Center of Gravity G, this ſame 
— Force ei alſo produce a Momentum Vending to 

incline the Veſſel rbund its tranfverſe Axe paff⸗ 


ing through the Point G, and perpendicular to 
the diametrical Plane repreſented in the Figute: 


py 9 IX. {EO 


a thi Momentum will therefore be.= = = 4d, ; 
4g 


by which the Veſſel will be iel towards the 
Head A, and will in conſequence of it be more ; 
immerſed in the Water. Now, as we know the 
Stability of the Veſſel with reſpect to the Tame 
Axis which is = Ms, we may even aff; ign the 
Angle 7, which the Veſſel will make by its Incli- 
nation. For this purpoſe we muſt conſider that 
ſince M denotes the Weight of the whole Veſſel, 


and as our Momentum of Force is expreſſed by 


2 Volume of Water, this Force muſt in the 


firſt place be reduced to an abſolute Weight; 


wWuherefore, if we ſuppoſe the whole Volume of 
1 the immerſed Part, as a 


0 e = = V, the Moglcn- 


rum ef Force vin be ⸗ - W [AVER Ga. which 
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belag t Wed hy the e f My villginee the 


Sine as the Inclination or We iow 


iS 12. 


1 bis Refitance which the greateſt tranſverſe 
Cs Section 


1 


ee an an Properties —_ 


Section experiences from the Water when enger. 


moved with an uniform Velocity, may be confi- | 
ered as à Standard whereby the Reſiſtance ma 


: 


allo be eſtimated when the Fore Part of the VA. -1- Mi 
fel is of any particular Form, by ſhewing'how * 


much the actual Reſiſtance is leſs than that of the 
tranſverſe Section; and from what has been 
ſſalll before, we readily conclude that the ac- 
tual Reſiſtance may become much leſs than 
that which the tranſverſe Scction Would! expe- 
-rience; fince we have demonſtrated that the Re- 
ſiſtanee decreaſes as the Action of the Water 
upon the Head becomes more oblique; from 
whence it follows, that the more the Head of a 
Veſſel is lengthened and continually” narrowed 
before „he more alſo will its Refiſtance be dimi- 
niſhed. But as the Contraction uſually takes 
Lien not only on the Sides towards the Middle, 
it likewiſe from the lower to the upper Part, 
we eaſily comprehend a Force will reſult! there- 
from, by which che Veſſel will be elevated, and 
its Motion retarded; it is therefore neceffary 
both theſe Forces ſhould be conſidered in order 
to obtain a clear and) juſt idea of the whole Effect 
which the Refitiner is "capableof Mey.” 0 
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1 | 
But ** an 1 80 of theſe Forces re. 
(quires Calculations. that-are extremely difficult 
eyen for Veſſels of the "moſt ſimple Figures; 
and as we are obliged to content ourſelves with 


Wy. mere 


; 84 


nA. mere Approximations, before we enter into a 
more particular Detail, it will be proper to take 


II. 


operties of Vaſes. 


= Conſtrubtion and 


Ta general View of the Subject. Let therefore 
Plate I Y ABCD be the Diametrical Section of the 
N * 6. Veſſel, or rather of the Part immerſed, as before, 


and let the Line A C reprefent the riſing of 
the Stem from the Keel C to the extremity A 


at the Surface of the Water; or rather let the 
ſame Line A C repreſent the Rake of the Veſſel, 
and ſuppoſe the Velocity with which the Veſſel 
runs in the direction B A ta be = c; it appears 


evident upon the firſt gen that all the _—_ 
of the Reſiſtance may be reduced, iſt, 


horizontal Force eee and _ 


fore. ne ag to 8. Motios: of: the 


18 


pi to. a . W whoſe N let be 


ſuppoſed that of d Quand which we ſhall repre- 


ſent by the letter Q it is alſo proper to remark 
that the Interſection R, which. may be con- 


| ſidered as the Center of the Reſiſtance through 


which the Direction of the Force R 8, equiva- by 
lent to the two. preceding Forces, will paſs; ſo 


5 that all the Efforts of the Reſiſtance are reduci- 
ble to the Ange: Force R 8, whole Quantity 1s 


known to be = v/ * ＋ 5M and the Tan- 


gent of the Angle P RS or its Inclination to te 


Horizon will 1 I 85 by e means it will 
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Coiftrution and Properties of Vaſe. 


be ſufficient to conſider the two Forces P and Q: HAP. 


each of which is always A. e ot; 10 che 
E of the ld ot the Veſſel. 


At preſent we ſhall conſider the Effect which 0 
each of theſe Forces will produce on the Veſſel: 


Now the firſt or horizontal Force F will (as in Ne 


the preceding caſe) produce a double Effect, 
one which is directly oppoſite, and rending to 
retard the Motion of the Veſſel in the ſame 
manner as if it was applied to the Center of 
Gravity G; the other Effect ariſes from the 
Momentum of this Force with reſpect to the 
tranſverſe Axe, which being = P. GP will 
tend to deprels the Head of the Veſſel. In the 
ſame manner the other Force Q which i is Verti- 
cal, will produce a double Effect, one urging 
the Veſſel directly upward in the ſame manner 
as if it was applied to the Center of Gravity G, 
and by this means the whole Weight of the 
Veſſel will be diminiſhed by the Quantity or 
Weight Q; and the other Effect of this Force 
will produce a Momentum” with” reſpe& to the 
ſame Tranſverſe Axe'= Q. F Q, whoſe Di- 
rection being contrary to that of the firſt Mo- 
mentum P. GP will tend to ele vate the Head: 
therefore if this Force be greater than the firſt, 
The Stern of the Veſſel will be depreſſed by a 


63 5 Mo- 
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CHAP. Momentum of Foree Q. FQ PG, 
II. Which being divided by the Stability of the 
„ Veſſel with reſpect to the ſame tranſverſe Ae 
will give the Sine of the Inclination "ing 

from the Action of theſe two Forces. 


$ 12 e 
From what Bas been faid it is s evident that, in 
order to preſerve the! Veſſel in the Motion 
which we have ſuppoſed with a Velocity = c, 
it muſt be urged directly forward by a Foree P, 
equivalent to that which it experienced from 
the Reſiſtance; and ſince the Weight of the 
Veſſel M is diminiſhed on account of the Re- 
ſiſtance by ' Weight = = Q we have only to 
add a new Weight | Q placed at the Center 
of Gravity G itſelf in order that the faid Center 
may not be changed. Laſtly, in order that 
the Veſſel may ſuffer no Inclination we muſt 
apply the firſt Force 170 above the Center of 
Gravity G, as at . ſo that its Momentum 
P. G H may become preciſely equal to that 
by which the Veſſel is inclined towards the Stern, 
which was Q.F Q—P. GP, therefore A 
| P. 6H 1 1 'P GP; | conſequently | 


| e ee Far. d 


; V1 45 2 1 "1 
n= 

Now let tlie Forer HK P be app lied to the 

Veſſel, ant it is evident that the Point H will 


E e be 
/ 8 


* 7 
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be preciſely in the Interſe&ion of the Verti- OHAP. 


ec 8 e nes ak * 5 III. 


7 Sp: 
\ 8 


8 


th 3 


Bort in ab it is not neceſſary to load the 
Veſſel with a new Weight Q, ſince it is very 
advantageous for the Reſiſtanee to diminiſh the 
Weight 268 the Veſſel, and it would therefore be 
highly improper to increaſe it : Laſtly, as the 
whole Veſſel will in this eaſe beſomething elevated, 
the Hollow of the Body will become leſs; which 
is a fayourable circumſtance, ſince the Reſiſtance | 
will thereby be ſomewhat diminiſhed, and con- 
ſequently a leſs Force will then ſuffice t to con- 
tinue che Veſſel i in its Motion. n | 
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Upon n Method 7 dee the "Ref 1 of | 


"the Fore Part "0 a 0 whoſe 2 7 bs 
given, 


| 5 I 7. | 
F; FOR F ore Part be. of ſuch a Fi igure that 
1 all the Elements of i its Surface are equally 1 in- 
clined t to the Direction of Motion, it is eaſy. to 
| Ke the * Wich is Sue 2 


ien 
a * rn 
: 3. 
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cHAP. a Motion; and with reſpect to the n. 7 


III, 


which a Veſſel experiences in a vertical Direc, 


tion it may be neglected, as we ſhall ſhew here - 


after. Therefore if we put the Area of the 


| greateſt tranſverſe Section of the Body =F *% 


the Velocity. of the Veſſel in the Direction of its . 
principal Axe B A = g and the Angle witk 
which the whole Surface of the Fore Part is 
inclined to the Direction of Motion = q, 


we have ſeen that the Reſiſtance which 1 is op- 


poſed to the Motion, is equal to the Weight of 


; Quantity of Water whoſe Volume would be 


— 2 27. Now if the Plane formed by 


the greateſt tinte Section ſhould move 


directly e the Water with the fame 5 


Velocity, 1 its Reſiſtance would he-= of up ; fo | 


4g 


that it in the other caſe the Reſiſtance i is as much 
| diminiſhed as the Square of the Sine of the 


Angle © differs from Unity: and hence it ap- 


5 pears that the Reſiſtance might be diminiſhed qt 
pleaſure, if other Circumſtances equally qual ; 
to the Veſſel did not Limit 8 Y 


$18, 


Now ſuch" an Equality of Inclination thro the 


5 Whole Surface of the Force Part of the Veſſel may 
have place in an iofinite number of Caſes, ſome 
- which we ſhall ew; ; as for inſtance, if the 


great teſt 


Prufiion oy Ane * __ 15 5 


genieſt erntifoetle; Section be a rectangular Pa- CHAP, 
rallelogram, as MN mm, and the Head have the III. 


; Figure of a Wedge terminated by the vertical one” 5 
Line A a, fo that all the horizontal Se&i 


1 ons Pig 7 
A MN, am » would be Triangles a a 
mong themſelves : then the two Faces A a Mm 
and A A NA will ſuſtain all the Efforts of the 
Water under the ſame __— FAM FAN 


A the ] Reliſtance of 


this Figure will be to thi yr its Baſe MN n 
as FM tO AM“; or denoting the Reſiſtance ; 
of the Baſe by the letter R, N of as Fo ore Part ZW —_ 


— 


= o whoſe Sine being = 


* 
1 
A 3 FS ag 
WA 
; #1) 
villte= R. ee eee ; 
XN. e e, ene for ; 
| ; | ; ; a | _ F * 7 p - F 8 * K n 1 1 0 
. * ? p*4 * N N * * * : 4 3 * *. F an 4 „„ %+ . by > * ? 2 ' 
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The Kite thing happens if the greateſt Wave 
Section be a rectangular Parallelogram as before, plate I. 
and the Fore Part EA be an inclined Plane riſing Fig: 8. 
from E to A in ſuch a manner that all the Sections 
1 parallel to the diametrical one, become right- BF 
angled Triangles equal to AF E: For in this 
Caſe the Angle of ting. would be E AE, 


5 and its Sine = = A. en whence the Reſiſt b 
ance in be = = R. E AE where R denotes = 
the Revitance tar Bi Priel Seftion F. E. f | 
IN by: ſame Reſiſtance wann alſo take Place if | 
thr. 


ohr. the greateſt tranſyerſe Seccti 


III. 


— . ad late 


deſeribed with the Radius * F. and 0 be. Fore —— | 


half a Cone ſituated upen this Baſe, With Ws! 


+ vial 


Plate IT, 
Tris. 9 


be that of the Next adjoining one towards the ©] 


Vertex at A. It is evident alſo, that this Re- 


ſiſtance i equally applicable. to any — 


whoſe Baſe is a Polygon circumſcribed about 
that of the Cone before - mentioned; but as all, 
tbeſe Figures do not enter into practice, ve ſhall 
ſhew a Method of determining the Reſiſtance 
when the Fore Part is of 1 e OT i 


W nate Fer. «Fg 1 $ 7 7 Tx) IS 41 . 177 : 


_- — a Vi = £3 2 17 2 . 
N ö * 55 * 24+ 'F F 
* - * * pt + _ * 4 * 1 


105 ER 1 75 ier 11 D E repreſent half = 


_ greateſt tranſverſe Section, and parallel to it ler 
us conceive ſeveral Sections to be made at given 


Diſtances from thence to the extremity of the 


Fore Part of the Veſſel and which we ſuppoſe to 
be prqjected upon the Plane of the greateſt 
tranſyerſe Section: of theſe let any one whatever 


be repreſented hy MP Q.N, and let m 9 ꝗ n 


Head, deſcrihed in the ſame manner as 


Draughtſmen lay down. the Lines, of & Veſſel ; 


But for our purpoſe it will be ſufficient to con- 
ſider theſe Figures, only from the Keel E to the 


Surface of the Water Tt D. Let us alſo ſup- 


poſe ſeveral tranſverſe Lines, as RPpr and 
S Qs to be drawn, cutting the former Lines 
nearly at Biebl angles. o that * means of 

thele 


theſe ted Orders of Lines che ai tke firſt HA 5 8 
ſemi Section CD E wilt be divided into ſeveral III. 0 


fmall Trapeziums and Triangies nearly Rectan- 
gular; as for example, the Trapezium P'p: 22 
vhich we muſt take ſo ſmall that the Portion of 
the Surface correſponding to each may be re- 
garded as a Plane, whoſe Inclination to the 
Direction of Motion being known, we have only 


to multiply the Area P p.Qq by the Square of 

the Sine of this Inclination, and collect into one 
Sum all theſe Products in order to have the Value 
of the Expreſſioa f*. ee eee, . of 


which being multiplied, by = will Sire the 


5 Reſiſtance which the Fore Part of the Veſſel moon 


with in a Direction OM to that * its Mo- 
r bas 3. ano old 


1 21. A ets 
In. der to 3 cheſs Operations, let! us 
conſider any one of the aforeſaid Parts POD | 
as deſcribed upon the Plane of the Section MN; 
and ſuppoſing the Interval between this Section 
and the following one n to be = &, let the 
Perpendiculars p and 4% each S k be raiſed 
upon this Plane, then the Points 2 and e Will 
be in the Surface of the Fore Part of the Veſſel 
as well as the Points P and Q; Therefore the 
Quadtilateral Pg Q, will repreſent. à Portion 
of nan the ſame which we have 
0 | Con- 
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CHAP. conceived to correſpond to the ſmall Auen 


III. 


ane and Properties of 7 eſe: 


PS Qq in-the preceding Figure. But here the 


— Perpendicular SpmT and ve being parallel to the 


great Axe of the Body, and conſequently alſo 


parallel to the Direction of Motion, we have 


now only to determine the Angle by which theſe | 


Lines would be inclinec 10 


the Surface P Q. L 


But it is evident that if the [Angles Pp g 
and Q were right, the Angles Pp and 


Q eq would truly meaſure this ' Inclination : 
Therefore ſince we ſuppoſe theſe Angles nearly 


right, the Deviation will be inſenſible: How- 


ever ſince it is neceſſary to multiply by the 


Square of the Sine of the Inclination, we may, 


when the Angles Pp and Qę q are not exactly : 


equal, ey by the Product of their Sines, 


which being £ "2 and = we ſhall have then for 
FE Te 


5 the Part Pay this Produce Sg. Pp. 2. gf. | 


| PIR: Article, 21 


3 in 2 fame manner having found other di- 79 
lar Products, we muſt proceed as directed 1 in the 


8 22. Thee 9 - | 
26: a more rigid exactneſs ſhould be equi 


in this Calculation, as it may well happen, 


that the four Points P, Q 1, e are not firuated 
in the ſame Plane, we might then draw a Dia. 
gonal P e or Q in order to have two Tri- 
angles; each of which would be a Plane whoſe 


nclinations 


I fines may be * vetermingd but ſince car. 
it would be almoſt impoſſible to determine i in ſuch - II. 
Caſes to which of the Diagonals P ę and Q , 
ought to give a preference; we cannot therefore 
fatter ourſelves with any expectation of arriving 
nearer to the truth than by making uſe of our 
Rule; beſides, theſe precautions extend only to 
Minutiæ, which in practice can never be of 
any advantage; and we may always be very 
well -fatisfied with having found, that the Fore 
Part of a given Veſſel, for example, meets with 

a Reſiſtance which is only one tenth part of that 
which would ariſe from its greateſt tranſverſe 
Section, although in reality the 8 
. | 


9 23. 

But 28 the Theory of Reſiſtance which” we 
have hitherto conſidered muſt be allowed to be 
very defective, and that we cannot entirely de- 
pend updn the Concluſions which are drawn 
therefrom, we may well ſpare ourſelves the trou - 
ble of ſuch difficult Reſearches: For although 
we have already ſuppoſed that the ſimple Preſ- 
ſures which the Body of a Veſſel ſuſtains when in 
Motion do ber deſtroy each other, yet we 
are certain this can only happen when the Veſſel 
is at Reſt, ſince the Water behind the Veſſel 
mulſt follow and overtake it before any Preſſure 


can be exerted, it is therefore evident that the 
1 1 4 2 Preſſure 


x 1. © e 4 S 8 
7 | e 


cn. Preſſuve upon the Aft Part cannot be ſo great when 


III. che Veſſel is in Motion, as when it is at Reſt, 
—— whit che Preſſure upon ile Fore Part will nearly 


be the ſame in both caſes: From whence it fol- 
0, ſinoe the Preſſure upon the Fore Part 
is no longer counterbalanced by that upon the 
Aft Patt, the Effect of this Reſiſtance muſt ne- 
beſſarily be increaſed; and this Increaſe will by 
this means be ſo much the more conſiderable as 
the Velocity of the Veſſel becomes greater; and 
however little conſideration we may employ upon 
this matter, We may eaſily conceive that this In- 
creaſe muſt depend principallyj upon the Figure 
of the Aft Part of the Veſſel, which we an 
hitherto OR Wet" 2646 en! 


| + 24. i | 
50 SAY account it appears very piobable that, 


notwithſtanding all our endeavours to determine 


the exact Reſiſtance, we may perhaps ſtill vary 
confiderably. from the truth; and therefore, to 


avoid tedious "Calculations; our time: will. be 
better employed in ſearcliing 


for ſome imple 
Expreſion by means of Which we may in all 


Cates determine the Reſiſtance of che Veſſel 
nearly; For this Purpoſe let us ſuppdſe, as be 


1 Tranſverſe Section ta ibe R, 
and kerb half Lengtk of the Body or rather the 


Plate I, Diſtance from the Fore Part of the Veſſel to this 


Fig. 7. 


el or AF nd che half Breadth, 
: L Ds + | 


| cini, — OY 


FMS I which is very near equal to the Cn! 
Depth: Now if the Fo ofe : Part of the Veſſel was a 11 

farce would be E R. 
and The it was Conical or a AI ; Srmiogting 


* FLY ou £ ds #3 


at A, the Reliſtance would be as before 
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None yh 1 5 EN. S e N 1 5d 
LOW & bas 7 A Mz; + 9; @ IAA, b NIR eve 
to o Tpaigie it is Leiden chats the Sibbe of 

vn; Species of Veſſel now in uſe 15 1HEludedl 
between theſe two Extremes, if "we fuppoſe 
that che actual Reſiſtance” upon any TR: Fi. 
gute is 2 n. R, tlie lerter u Will expfeſs forne = 
Fraction, between Wige and the Fraction 


e have therofone only pana hf 


Mean 8 u But ig dan 
to ſome Experiments made upon Ships of the 
Line, it appears that we ſhall approach ſufficiently 


near ths + 4 rae if we take u 8 dF : the 
/ 1 a +26%* 
831 
Harmonical Mean [TOME I a: # 9 „ 
1 * 


may therefore make uſe of this Expreſſion i in all 

Caſes, at leaſt when the Fore Part of the Veſſel 

does not deviate conſiderably from the Forms 
commonly uſed in Ships of the Line, but ſhould 

this happen, it will not be difficult to determine 

to Which of theſe two Limits the Reſiſtance will f 


ine. „ 1 17 2 
| 8 25. 
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N Having: 3 upon Fa *. R 


to expreſs the Refiſtance of Veſſels ; ; we obſerve 
that it only depends on the Proportion between 


the Length and Breadth of the Body, whoſe 


halves are denoted by the Letters à and 5, whilſt 


the Letter R always repreſents the Reſiſtance of 


the greateſt tranſverſe | Section of the Body 
moving through the Water in a Direction per- 
pendicular to that Section: It will therefore not 
be amiſs to add the wing Table expreſſing 


the Value of * 


Nn 
Nr 


r 5 
* 8 4 4 8 
. 1 
Y 
4+ 
4 * ? 
1 
— 0 
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R, or rather the true 


Value of the Reſiſtance! for each Proportion | 
between the Length and Breadth of the Pore! 
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Proportion | Reſiſtance CHAP. 
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CHAP. 


2 


Upoi the Ref, Nance of 'V eln in their Ollie 


Courſes, and * La. ay in Zeneral.. 


3 26. 


HE N veſtele are driven by the Wind, 
it is often impofſible for them to fol- 
iow a direct Courſe, and they are obliged to 


move in a Direction, which makes an Angle 
Voith the greater Axe; this Angle is called the 


Lee-way of the Veſſel, We ſhall not here 
enter into a diſcuſſion of the Circumſtances that 


cauſe the Veſſel to move in an oblique Courſe, 
and therefore we only ſuppoſe it has ſuch a 


55 5 Motion, the Direction and Velocity of which 


are given; in this caſe we ſhall endeavour to 
determine the Reſiſtance which the Veſſel meets 
with from the Water. Now it is at firſt evident 
that the mean Direction of all the Efforts which 


the Water exerts upon the Surface of the Eody, 


will no longer fall upon the diametrical Plane of 
the Veſſel, but it will be ſometitnes on one 


ſide and ſometimes on the other; beſides, its 


Direction will not always continue parallel 


to the Horizon; indeed it. is often impoſſible | 


to reduce all the elementary Preſſures to a 


lingle Force ing in a certain. Direction; 


however, 


Confrudian and Properties of Veſſels. 


however; it is always poſſible to reduce 
them to three Forces whoſe Directions are 


viz. 1ſt, the horizontal Axe according to the 
Length of the Veſſel; 2dly, the horizontal Axe 


according to the Breadth ; and zdly, the Verti- 


cal Axe; all which interſe& each other bn the 
Center of Gravity of the Veſſel, | 


$ 27. 
But as the nn of theſe ha F orces 
i in general would be very troubleſome, and 


beſides, not furniſh us with any uſeful Know- 


engr. 


IV. 


— 


parallel to the three principal Axes of the Veſſel, 


ledge, we ſhall therefore begin our Reſearches 


by the moſt ſimple Caſe, which though in- 


applicable to Practice, will nevertheleſs furniſh | 


us with juſt and clear Ideas upon the nature of 


the Subject which we are conſidering : Let us 
| therefore ſuppoſe the Body to have the Form of a 


rectangular Parallelopipedon as expreſſed in the 
10th Figure, where AB repreſents the greater 
Axe of the Body, CD its leſſer Axe, and FE the 
Vertical Axe, which at the ſame time marks the 
Depth of the Hollow: by this means all the 
Sections perpendicular to each of theſe three 
Axes, will be rectangular Parallelograms, and 
ſince the Planes which act againſt the Water, 
are Vertical, all the Efforts of the Reſiſtance 


plate II. 


Pig. 10. 


I 


vill be in Horizontal Directions, and there will 
3B „„ „ 
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Plate II. 
Fig. 1 1. 


| CHAP. not reſult any Vertical Force; beſides, ſince 
the Direction of Motion is always Horizontal, 
Whatever Angle it makes with the Axe A B, 


meet with the ſame Reſiſtance from the Water: 
this will ſave the trouble of conſidering any 


the Water AB C D; therefore in all oblique | 
_ Courſes, we have only to conſider the two fides 


„ 8 28. Wh, 
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all the horizontal Sections of this Body will 


other Section but that made at the Surface of. 


of the Parallelogram which are ſtruck by the 
Water, and having found the Reſiſtance which 
each of theſe Sides meet with, nothing more is 


- required than to multiply them by the Depth of 
| the Body F E, in order to have the whole Re- 


ſiſtance which the Body will experience from 


| the Action of the Water. 


|| 
Let F the rectangular Parallelogram 
ABCD repreſent the horizontal Section at the | 


Surface of the Water; alſo ſuppoſe AB its 
greater, and CD its leſſer Axe; and, for the 


fake of breyity, let half the greater Axe or AF 
be denoted by a, and half the leſſer Axe or CF 
by 53 ſuppoſe likewiſe that the Veſſel moves in 

the oblique Direction F X: then the Angle 
AFX will be the Lee. way of the Vel- 
Wo. - which we - ſhall | repreſent by the Let- 
ter ꝙ; now it is evident that the Face 4 A2 

= 2 b will be ſtruck by the Water under the 


10 5 Angle N 


| Conflruftion and Propertics of Ve eats 


101 


Angle As F or e X = 90² — 9 whoſe Sine CHAP, 


is = Col. c, hence the Force of the Water will 
be expreſſed by 2 5B. Col. o, (but in effect it 
will be neceſſary to multiply this OY by 


the Depth of the Body, and alſo by Sos ; the 
(48: 


Letter e denoting the Velocity of the Veſſel in 

the Direction F X, and this double multiplica- 
tion muſt always be underſtood hereafter.) In 
the ſame manner, by drawing Cc parallel to 
F X, we ſee that the Face à C= 2 4, will 


be ſtruck by the Water under the Angle aCc 
54 and this Force will be = 2 4. Sin. G 


Now as both theſe Forces act directly upon, 


and paſs through the middle of the two Faces; 


therefore the firſt or 2 5. Coſ. ꝙ will act in 


the Direction A E, this we ſhall repreſent by the 
Line Fr in the ſame manner as if it was ap- 


| plied at the Center F; and we ſhall alſo ſup- 
poſe the Line F to be = 2 4. Sin. which 


expreſſes the Force acting upon the Side aC 5; 


then by compleating the Rectangle Frys, the 
diagonal F y will repreſent the whole Force of 
the Reſiſtance which the Veſſel meets with in its 


| Motion; this F orce will therefore become | 


FF 1 7 7 Col. 6* +4 @ . Jin. o $4616 

and the obliquity of this Force with reſpect to 

the ee Axe AB will be the Angle BFy, 
n e Whoſe 


IVI 
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CHAP, 
IV. 


A 


came, and Proper es F Pe ra. 


h 0 FI 1 85 Sin. 6 5 
whoſe Tangent i Fr : 5. Cor, I" 
8 29. | 


 Haying Jerinined this Force, it is evident 
that in order to continue the Motion of the 


Veſſel in the ſuppoſed Direction F M it muſt 


be acted upon by à Force directly contrary to 
that of the Reſiſtance ; therefore produce the 
Line y F towards Y; and F Y will give the 


Direction of the Force neceſſary to continue it 


in the Direction before mentioned. But we have | 


Jul ſeen that the Tangent of the Angle AFY is 
— 9. Sin. o* 


WE Col. 7 from whence we already know : 


the Relation between the Obliquity of the Courſe 


| FX and that of the acting Force F T, which 


is independent of the Velocity c of the Veſ- 
ſel: but in order to haye the Force itſelf 
which is neceſſary to preſerve the Veſſel in its 


| Motion, we ay only to multiply the Expreſſion 


Juſt found 7 44 Sin. * 88 * by 
the Depth & the Body, and by 3 9 te it f 


muſt be remembered that c ee the Space 


through which the Veſſel runs in one Second, 


and g the Height which a heavy Body will fall 
in the ſame time by the Force of Gravity, this 
latter my be ſuppoſed equal to 16 Engliſh. feet. 

| | "OW 0 
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Beſides, we muſt not forget to MAT this CHAP» 
* 


Force by the Weight of a Maſs of Water, 


equal in Volume to that which we have before * 


— to it. 


ao that which hs merits our attention moſt, q 
is the Relation between the two Angles AFX 
and AFY, or rather between the Obliquity of 


the Courſe or Lee-way which is = g, and the 


Obliquity AF J of the acting Force which we 


ſhall ſuppoſe = 4, then the Tangent of I being 


4. Sin. @ * 


. Col. @ - we have - . Tang.p*= Tang, 4; 


ns l the Rehden between a and 3, it 
is eaſy to find for all the Angles © thoſe of * 
which correſpond to them, and on the contrary 
for all the Angles ¶ thoſe of ꝙ may in like manner 


be found; for this laſt Caſe we have Tang 9 2 


| vs . Tang, J: Since the Quantity 4 is in 
3 much greater than þ the Obliquity A F Y 
of the acting Force will conſiderably exceed the 
Angle of the Lee-way AF X. However, it is 
evident from our Expreſſion that theſe two 


er rept will become equal when 2 


| Tang. 9 == for then we have alſo Tang. * 5 =— 
from whence it appears, that if the 1 was 


0 leſs, the other Obliquity would be ſtill more 
| „ diminiſhed, 
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CHAP. diminiſhed, a. whenever the Tang. op > 25 
a 


1 


Confrution wy Proper: es of * Nl. 


becomes alſo > g. In order to render this 
ali more evident, let be an Angle whoſe 


Tag Is 12 then we ſhall have Tang. hh 


= Tang. « . Tang J, or rather the three An- 
gles a, @ and 4 have always ſuch a Rela- 
tion, that their Tangents are in a geometrical 

Proportion, or the Tangent of ꝙ is a Mean 
by poem between wy Fg. % and Tang, + ; 


Ry 8. 31. 


Having already obſerved that the two Obi 
quities @. and I become equal when 9 = 45 


therefore J is alſo = a; and it is evident 


that ſuch an Haney ought alſo to take place 
both when and when © = 90*; for 

in the firſt Caſe the Courſe of the Veſſel be- 

comes direct; and in the other, it moves in 
the Direction of the leſſer Axe FC, which 
Courſe we may alſo conſider as direct. Since 


therefore in theſe three Caſes, 1ſt, when e = o, 


2dly, when 9 a, and 3dly, when e = go, we 
have I =, and that in every other Caſe _ 


two Angles ꝙ and I differ from each other; 


will therefore be neceſſary to enquire in ps . 
caſe the Difference of theſe two Angles will 
become the greateſt, or rather when the Angle 
XF is the greateſt; by purſuing the com- 
e mon 


41 
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mon methods, we find that this Caſe will happen CH ar. 5 
when the Sine of twice the Angle 1 1s equal to IV. 
half the Sine 0 twice the Angle 5 that 1 is when . 


7 


Sin. 2 4 = _ Sin, 2 Gs but the unraveling of 


this Queſtion "dipetds upon the Reſolution of 
the following Equation of the 4th degree, VIZ | 
Tang. G — 2 Tang. a. Tang. 6* 7 
22 Tang. a. Tang. @ + Tang. «* i = 0, = 
the Roots of which can only be aſſigned by 
Approximation, ſo that this Queſtion which at 
firſt does not appear difficult, requires for each 
Value of a, Calculations thal are very embar- 


raſſing, 3 | 
But as all that we have yet done is drawn —_ 


from a Caſe which does not exiſt in Practice, it 

may be thought that we have employed too: 

much time upon it; however, it will very ſoon 
be ſeen that the conſideration thereof may lead 
to ſome general Concluſions, which are applica- 
ble to almoſt all Veſſels; we have only to con- 
nect with the Letters à and & which expreſs the 
two Semi-Axes of our Fi igure, other notions that 

are equally conſonant. For if the Parallelogram 
ſhould move in the Direction of the greater Axe 

BA, the Reſiſtance will be = 24; and if it ſhould 

move in the Direction of the leſſer Axe CD, the 
Reſiſtance will * 2a; we may therefore 
| con- 
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CHAP. conclude that our Expreſſions would become 


„ 


applicable to all Veſſels, provided that inſtead 


ca ve ſhould ſubſtitute the Reſiſtance which 


they meer with in their direct Courſes; and in 


place of 2 a, that which they would experience, 
if moved with the ſame Velocity in the Direc- 


tion of the leſſer Axe: the former Reſiſtance we 


ſhall expreſs by the Letter P, and the latter by 
the Letter Q: Thus for any Veſſel whatever, 
we have only to write the Reſiſtances P and Q,. 


inſtead of the Letters 2 þ and 2 4, and then the 
Relation between the two Obliquities p and , 


which in the former Caſe was expreſſed by | 
Tang. = ' „Tang. @ *, will be generally ex 
preſſed by Tang, 4 = 2 Tang. *. For upon | 
the leaſt reflexion, we perceive that the Letters 


@ and þ enter no otherwiſe into our Formula 
than as Expreſſions for the two Refiſtances 


under our conſideration ; from whence it fol- 
lows, that the Force itſelf in the Direction F Y, 


. . to maintain the Veſſel in its Courſe FX 


will be = JP Sin. @ + + Q*. Coſ. 9 * 1 


Theſe Expreſſions will adm deviate from the 
truth, or at moſt their deviation will be very 


inconſiderable, and this conſideration leads us ta 


the Subject of the following Chapter. 


CHAP. 


Conflrufion and Properties of Veſſels 


Upon the Relation between the Obliquity of the 
Cause 15 a V eb and that of its Kg, hrs 


43s. 


A FTER our Reſearches upon the Reli 
11 between the two Angles ꝙ and 4, let us 


| conſider any Veſſel whatever, whoſe three prin- Plate III. 
cipal Axes of the Body are the greater Axe Fig. 12. 


AB S a, the leſſer Axe C CD=34, and the 
Vertical one or Depth F E ⁊ e, and let us ſee in 
what manner the Relation now under our conſi- 


deration, may be expreſſed by theſe three Di- 


menſions of the Body a, þ and e. We ſhall at 


\ firſt, from the Principles already eſtabliſhed, 


determine the Reſiſtance which the Veſſel will 
experience in its direct Courſe in the Direction 
BA: for this purpoſe regard muſt be had to its 
greateſt tranſverſe Section C E D, whoſe Baſe 
7 D being = 5, and Height F E = e, its 
* 12 be contained between the Limits 3 e 


and — —þ e, which we mall therefore ſuppoſe = = 


* 2; and we ſhall very ſoon ſee that « final 


error in the Afumprion of this Mean can be of 
little or no conſequenge, Now this Area 3 37 


= 2 — = SIBEE, | 
EF OST D een, 8 
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9 CHAP. 
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will expreſs the Reſiſtance which the Veſſel 
receives from the Water in a direct Man- 


— ner, and which, muſt always be underſtood: as 


multiplied by KY this will therefore e the 
e | 
Value of the Letter R employed in the 2d. 


Chap ter, for determining the Reſiſtance in a 
direct Courſe: Hence, ſince the Ratio of a 
to h is the ſame here as we have there expreſſed 
by theſe ' Letters, it follows that the Re- 
ſiſtance of the . in its direct Courſe will 


be 2 2 23 Ter and this will con- 

BY + 2 * | 
ſequently be the "wot Quantity which we 
have expreſſed by the Letter P at the end 


of the (Peeping. Chapter; wherefore 
̃ Pt N 1 be. 


8 34. 


Let us now ſuppoſe the ſame Veſſel 1 to move 
through the Water with the ſame Velocity c 


in the Direction of its leſſer Axe DC, and 
we ſhall immediately conceive that its Reſiſt- 


ance muſt be enormous, and to find it, we have 
only to conſider the Diametral Section of the 
Body AEB as ſtriking directly againſt the Wa- 
ter: Now the Area of this Section being 


n N between the Limits ac 


and 


d and Properti es of Ve 75 leb. 


and 2 — ae. we mall therefore ſuppoſe i it = 5 a e CHAP. 5 
8 


Ubich will alſo as before expreſs the Reſiſtance 3 
this Section, and it is evident that the Curvature 
of the Veſſel cannot ſenſibly diminiſh this Re- 


ſiſtance; but in effect, if we here conſider 5 
as the greater and à as the leſſer Axe, our 
Rule will in this Caſe give the Reſiſtance 


3 
24 + þb* 4 
which we have before expreſſed by: the Letter 
Q: F rom whence we deduce the F raction 
o 
1 3 2 4 1 
In this Equation neither the Depth e nor the 


| Coefficient 3. are concerned. Hence if à is 
4 


bert times greater than b, and therefore 4 
a” much greater e 55, this Fraction vill 


be nearly n to 235. | and as we Lane no 


great reaſon. to expect a higher degree of 


exactneſs, we may voldly make uſe of chis 11 
„ 


„ Tn, 
It will now be very eaſy to attain the end we 


have i in view ; for which purpoſe, let us ſuppoſe - 


the Veſſel to move Obliquely in the Direction 


F * and that to maintain it in this Courſe, it 


muſt be acted upon according to the Direction 


A of 4 
3 1 
iu 


OS 3 ae, and which is the fame 


FT; 
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CHAP. FT; if therefore we alſo ſuppoſe the Le- way vor 


the Veſſel AFX = c, and the Obliquity of the 
— acting Force FY, or the Angle AFI = . 
we ſhall then have the Relation of theſe | two 

Angles expreſſed by the Equation. 


Tang, = Tang, „ 


from whence we may each determine the Va- 
lue of J, when the other Angle ꝙ is given: 


But if the Angle J was given, then ꝙ would | 
de found by ſolving the Equation 


Tang, = Hei ros J. 


It will not be even "difficult to calculate 
Tables for each Species of Veſſel; and a ſmall 
number of ſuch. Tables would be ſufficient, 
ſince the Proportion between the Length and 
0 Breadth of almoſt all Veſſels are included be- 
tween the Limits 3 to 1 and 6 to 1, by which 
means the following Caſes N the Ratio 


Kn W 13370 134 to I; 4 


Eto 135 5 0 15 5 2 10 f and 6 to r, will fur- 
2 


niſh us with all the knowledge that we can 
deſire. Laſtly, ſince the Leeway or the Angle 
o ſeldom exceeds 30 Degrees, it will be ſufh- 


cient to calculate theſe Tables for every 3 De- 


grees, and therefore they may be reduced to 
the following o ones. 


10 Js sgecies, 


Conrado * POTEN of 2 111 


I Species, = ORR. Species, *. 
where AB = 3 c D. where AB = = = 357 b 10 


WM Epecis . 5 IV Species, 


| — — AFT ͤ AFX 7 AFY 
Ne 199: 14 


- | oy capri, and 2 of 2 FP. 


ne : Species, —_— Ls * Species, 


—— where AB = 5c wier AB Seb 


30 87 15 | 30 87 : 56 
35 88: 8 | . 35 88 : 4 
: — 15 Po 


rs 45 = 6 __ f 


e 


bam on „ and Proc % ; Ys. 
$3 6.7 WEL 


N a 2 


ed 1 theſe Tables a are principally; intend- 


ed to ep the Obliquity of the acting F orce 


AF fon each Species of Veſſel, when the 


Leeway;or Angle A FX is given, yet they may 


regipracally be uſed to determine: gle. Lee-way 


AFX' when the Obliquity AF Y is known. 
För example, in the 5th Species Where AB 


5 CD, if the Obliquiry of the acting Force 
Was AF 1 62 we ſee that the Lee: way 


or the Angle A EX would then be nearly 


10; but ſince the Angles A PY vary 


* ſuch great Iatervals, it would be diffi- 


cult to 105 uſe of a proper Interpolation, 


therefbre ſince chis Queſtion happens ſo fre- 


quently in n Practice, it will yet be neceſſary 


to calculate anothe Table, in order to. ſhew 


the true Value of the Lee-way AF > 4 for 


each Species of Veſſel, and for every 


| Angle , AFT. For this purpoſe it will 


be ſufficient to conſider the Angles AFY | 


for e every 10 Degrees as far as 60; from 
thence for every 5 Degrees as far as 80*, and 
from 89* to 8z? for every ſingle Degree; and 
it would be uſeleſs to carry them beyond 85”. 


In order to calculate this Table we : muſt make 
ule of this e 


+ # * * 


Tang: © 


= => " Tang 7 3 whence Log. 


. Tang; 9 2 a 1— 2 Log. 8 = 
we ſhall 8 exhibit this Table 3 in the fol- 
lowing Manner. 


5 A TABLE. 


cauncun end Prjrti of Pt 
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— 4 þ of Veſtel, the Obliquity of Ke t Ar 

. Seng „ 
Angle Length AB of the Veſt.” 
er | 


3 Ty 
1 1 19 


8 4 1 
. 2 . 


- 
* 


7 — 
$ — 
” 1 2 * 
+2 ; 
23 , 
44 
. 3% 
I d'T3-4 Tx res 
) * * — 
— wy wy 


13 


115 | 


CHAP. 
A TAB L E ſhewing the Lee-way of ab Species V. 


ef Veſſel, the C — of the. — Farce ——— 
AF 1 being groem: 


* Angle 19 AB of the 7 
AFT 5CD |5:CD | 2 
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CHAP, 


conte . „ of Veſſels: 


Now pu the nels af . Table i it will be OY 
to reſolve the Queſtion before mentioned, where 
it is required to aſſign for each Species of Vel- | 
ſel the two Obliquities, or the Angles AFX, 
and A F T, ſo that their Difference, or the 
Angle X F Y may be the greateſt. But the 
reſolution of this Problem is of the utmoſt i im- 


portance in the Art of Navigation, in order to 


know how to make the beſt Uſe of every Wind, 
as we ſhall ſhew in the following Book, in a 
more particular manner; and in the mean 
time we ſhall ſtate here the two Angles A F X 
and AFY for each Species of Veſſel, when 


the Difference is the greateſt, which ine be wg 
in the T able 9 778 


1 


A TABLE 


Conſtruftion and Properties of Veſſels. 


A TABLE Palins the Angle of thy Tes uc — 

AF X, and that of the acting Force AFY, for 

each Species of Veſſel, when their Difarinc 
NFY. is the Pr . , 


Angle | . A | Difference | 


&* +4 * 4 „ ” - 
4 1 : * + . N 
- * 1 


rr Y 2 het — 


3 = 3 CD| age, 30 762, 53% 45% % 

AB 3 CD26: 4 78:56 52 82 e 
AB=4 D 2; 45 80 6 856 K.. 
4 4 CD | 20 „0 80 36 60 25 
A3 = — 5 CD 18:27 81: 53 63 26 

AB = 52 CD16 1882. 6| 65:48 


N *; oo IE. 


| AB = — 6 CD 15: : 4 0 82: 50 67 : 46. | ; of. 


* 
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Hitherto we was only Sand ee the Direc- 
tion of the acting Force, but the Principles 
that we made uſe of for that purpoſe will 
alſo lead us to the knowledge of the Force it- 3 
ſelf, which is requiſite to impreſs the Veſſel 
with the given Velocity c, for we have before 
7, 3 found 


| 
| 


CHAP, 


* 


Ld 


Confirutiion'and Properties of Peſels. 
found (ſee 32d F) this Expreſſion for he Force. 


__ F. Col. 7 Qs. Sin. ge. 


9 401 it is proper to. d that we — there 


this Equality Tang. + = =P Tory * from: 


whence we find 


Q. Tang. o* 1 be 
P== Fan. .S" and P. Coſ. £ g = Tang: I* 


Therefore the Force will be expreſſed by 


"QB 
0 9 But we have found Ow Y 34th.) 


and fince it s _ i neſlary to made our ir Ex- 


preſſion by - = the true e Foes vill be 


48 
0 equal 8 
| PP: 3 9 2 a* Sin. 4 * 


482 5 a* +3* * f 5 


And becauſe we fin without any impropriety 


| neglect >, the Force e vil brane 


fimply 


43g +, Sin-4\ 
expreſſed. by an equal Volume of Water. 5 


thence therefore reciprocally if the acting Force 


was given = F, we might readily determine 
the Velocity which the ou will receive, by 


the aid of this Equality £*.  4F Sn. 


12 3ae " Sin. 9 * 


and, 


Cntration and Proeries of Vil 


= and, by this means, we know how to eſtimate 
the greatneſs of the acting Force: But with re- 


ſpe& to the Place of application of this Force, 


ks, | 
05. 


e 


that will be the Subject of Enquiry in the fol- 


—_ Chapter. we 


*y "HS 


But before this Chapter i is nib? we ſhall 5 
take notice of a very ſingular Paradox i in the 


Expreſſion, we 
B=. cal g. ＋ * 


REA 3 the Force of the Reſiſtance, and 


which becomes = P when g = o, and will be 
= Qif Y = 90 : be 1 of theſe Caſes will 


"IT... 


5 rection of PR great Axe B A'; and the other 


when it moves in that of the leſſer Axe C D, 
from whence it ſeems that ſince, Q\ is ſeveral 


times greater than P, the leaſt Reſiſtance ought 


to take place in the direct Courſe, where the 


| Lee-way © vaniſhes, But it is certain that the 


Reſiſtance will become till leſs for a particular 
Angle of Lee-way, which is found by taking the 


Tang: P = 7 and muſt i in conſequence be very 


ſmall; and ſince we then haveSin. H- 4 


7 
e 14 | and 


ſel a ſmall Lee-way 7 ſuch that Tang. 9 


% 


Cntretion and Proper es of V. a. 


Q. Sin. g* = SAM therefore 


"IQ 


| P. 
8 Col. g. ＋ . Sin. G. 8 Þ> © 


45 ſquare Root of which will give the Reſiſtance j 


2 — which is leſs than P, becauſe 
=" 5 * 


2 +} ef chan voie. Here is there- 
V. N 
fore this great W that by giving to the Veſ- 


P 
. 


che Reſiſtance will be found leſs than in the direct 
Courſe; but it is preciſely the Caſe which we 


have already remarked, where the Angle X FY 


vaniſhes, ſo that the Reſiſtance i is here ee 


nl the to "40 Motion F 15 


CHAP. 


Conſtruction and Properties of Veſſels. 


Up on the Pla 7 gie or the TY 


Force. x 


8 40. 
FROM the Manner! in n we 1 — 


this Reſearch, by conſidering the Body ava 


rectangular Parallelogram, and the Force of the 
Reſiſtance as applied to the Center of the Body 
F; and alſo when we have afterwards generalized 


Plate IT, 
F ig. 11. 


this Hypotheſis, the Concluſions which we have 


drawn from it regard only the Quantity of the 
Reſiſtance F y and its Obliquity, or the Angle 


7 F y which the Direction makes with the great 
Axe of the Veſſel AB; and we ſhould be much 


deceived if we were deſirous of extending this Ge- 


neralization unto the Place of Application. In 
order to render this obvious we have only to con- 
ſider the Body as having the Fi igure of a Rhom- 
bus AC B D, where A B repreſents the 
great Axe and C D the leſſer Axe, and ſup- 
poſe it to move in the Direction F X, but in 
ſuch a manner that the Lee way A F X be leſs 


than the Angle A B C; for on the one hand we 


have ſeen that the Angles of the Lee-way never 
become very conſiderable ; and, on the other, 
it js ſufficient for our r purpoſe to find the true 
Place 


* 
* 


. 4 


Cnftruction and Properties of Veſſels. 


CHAP. Place of the Application for thoſe which are 
| ſmall. This being obſerved, it is evident that 


the Veſſel can only ſtrike the Water by its 


two Faces A C and AD; and fince upon 


each the Obliquity of the Incidence is every : 


where the ſame, the Mean Direction of the | 


Force of the Water will paſs through the Points 


M and N, where theſe two Sides are divided 
| into two equal Parts; and as theſe F orces are 


erpendicular to the Faces, let the Perpendi- 
culars M Q and N Q be drawn, which will 


-  Interſedt the great Axe at and therefore the 


Mean Dine of theſe two Forces, which is 
that of the Reſiſtance itſelf, will 9 


ng * this Point * 


Y 


3 41. 
* he Ny Caſe therefore it is e KS 
the Direction of the acting Force Q_Y muſt paſs 
through: the Point Qs or rather that the Force 
requiſite to maintain the Veſſel in its oblique | 
Courſe, muſt be applied to the Point Qs or, 


more properly ſpeaking, to ſome other Point 


celevated directly above Q: But here we ſhall 


confine ourſelves to find the Interval between 
the Middle of the veſſel F and the Point * 
where this Force muſt: be applied, without em- 
barraſſing ourſelves at preſent with any verti- 


cal Heighth, as that depends on particular 


circumſtances which will be explained hereaf- 
| ter, 


5 4 z 
2 4 f — Fi o . 7 , + 1 f 41 


der. Now in order to determine the Point Q CHAP. 
Ez Les C K perpendicular to the Side A C; VL 
then it is evident this Point muſt be n ee 
at tlie middle of the Interval A K : then, be- 
cauſe A F: F: FC: FK, we ſhall have | 


FK= = Ky" and therefore 


123. 


AK - AF * ; hence e en 


AQ=ZA 14 


fore the Center F 4 oh Body 5 A * i 


the acting Force muſt be applied; and by ſup- 
Poling the whole Length AB= a, and the 


whole Breadth C D * = = 6. we ſhall ſave the In- 


3 OY a 
rag 


"Lads us now compare together he two Figures 
which we have given to the Body: the firſt; of a 
rectangular Parallelogram, has furniſhed us with 
the Interval F Q:= o; whilſt the — one, of 5 

þ* | 
Rhombus. gives t the Interval F Q== — og ** | 
from whence we conclude, that ſince 40 Figures 
of Bodies are equally eomprized between theſe 
two Extreams, we may regard them as Limits for 
Ch Veſſels in general, and that the Interval FQ. 


7 . 
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Conftrudtion and Phoperties of Ve fits. 


cu AP. will hold a certain Mean between theſe two | 


5 Foo Values | O and < os Bib $\ Hence We draw this . 


N 


Concluſion, that 3 ER. in general this 


2 


7 
Interval F CT, F— ga no great error can 


poſſibly af ne although it may happen 


ſometimes to be rather too great or too ſmall, 
yet this Difference will be almoſt always inſen- 
ſible and may well be neglected in Practice, 8 


8 43. e Fs, 
Having thus determined the Interval F. Q, 


and ſince it is near the Point that the acting 
Force muſt be applied in the oblique Courſes of | 


a Veſſel, we already perceive that it is in this 
Point Q where the principal Maſt of the Veſſel, 
or rather that which might be regarded as equi- 


valent to all the Maſts taken together, muſt be 


eſtabliſhed ; from whence the juſt Determination 
of this Point muſt be ſo much the more impor- 
tant. It is therefore neceſſary that the principal 
Maſt ſhould be placed nearer to the Head than 


the Stern of the Veſſel, and Builders are very nice 


upon the true Place for this Point Q, or upon 5 
the Proportion between the Diſtances A Qand 


BQ, which they in general eſtabliſh nearly as 
2 to 3, this agrees ſufficiently well with our 


Determinations ; for having 


Cofratie and Properti s of 2 1 


35 HA. 
 AQ=3« BGE gg. VL 


1 8 between A Q and B un be- — | 


| corie'g * 0 5 which would agree 
| 4 * 


Fen 


with that of 2 to 3 if 2— wa = 2-1 Bur i it is 
7 


alſo neceſſary to conkidet chat our Suppoſition, _ 
| which we have aſſigned to the Interval P Q, the 
Arithmetical Mean between the two Limits, 
| might well deviate ſomething from the Truth. It 
appears even probable. that the real Figures 
approach nearer to a Rectangle than to a Rhom- 


2 1 FER 
aw: and if 1 we e 1 th. 82 —.— — — 
| 3 442 
we ſhall find 3 5 5 

pany 4 4 | 45 41 | 2 Fc TYY 
1 ART gem + , — and 
"ALS MA. Hg 
25 bh 1 10 4 


Therefore by negle&ting the very. mall Term 
+ 


3 4 


To @* the Proportion will be cruly FO 2 to 3 . 


5 which notable Harmony is both ſufficient to 
elucidate and confirm the Method that we have 


| * 5 r N ; a 
i HE „ 1 
- „ 1 6 
N . | 
* 2 * 
3 * 
its) $44 
+ „ 
1 e 
* 


| 1 us now 41 * wud 1 0 1 i we 
ſhould want to apply the acting Force in its 
true place, and at firſt, with reſpect to the pro- 
greſſive Motion of a Veſſel, it is certain that the 
_ Reſiſtance would always produce the ſame Effect 
in whatever Place the Force ſhould be applied, 
ſuppoſing the Direction to continue the ſame, 
and therefore a contrary Force would deſtroy its 
Effect in whatever Place it was applied z fo that, 
with reſpe& to the progreſſive Motion, the 
place of Application is abſolutely indifferent: 
But this is nat the caſe with reſpect to the In- 
clination of a Veſſel, which depends on the 
Momentum of the Force of Reſiſtance, with re- 
ſpect to ſome Horizontal Axe paſſing through 
the Center of Gravity of the Veſſel, and there- 
fore, although the contrary Force was equal 
to the Reſiſtance, it might well happen that 
the Inclination cauſed by the Reſiſtance, 
would not be deſtroyed by oF or W a new 
Tnclination, might reſult fro but this 
commonly happens in all Oblique Coprſes, 
and it then ſeems almoſt impoſlible to Prevent | 
the Veſſel from ſuffering a very ſenſible Inclina- 
tion; from whence we readily comprehend that 
a Veſſel inclined muſt ſuffer another Reſiſtance 
| beſides that which we have already affigned, and 


f it appears in general, that the direct Reſiſtance 
P muſt 


ner of Vaſe 


P SPAS receive ſome s therefrom, whilſt AP. 


that of the lateral one Qis a little diminiſhed, 


and therefore the F raction * in the Er epreſſion 


Tang. 12 4 L Tang. 0? 


5 _ be! ſomething augmented. n this 


Expreſſion itſelf and the Tables which we have 
deduced therefrom, may nevertheleſs be ſuf- 


ficiently exact, provided the Proportion between 


the Length and Breadth of the Veſſel be a little 
diminiſhed; thus for Example, if the Veſſel 
ſhould belong to the fourth Species, we might 
make uſe of 4 Tables en to the 


third. 


5 45. 
. we principal Object here, is the Mo- 


e of the Reſiſtance with reſpect to the 


Vertical Axe of the Veſſel paſſing through its 
Center of Gravity: thus in Fig. 13th, where the 
Line Q/y repreſents the Force of the Reſiſt. 
| ance, and where the Vertical Axe paſſes through 
the Point F, the Momentum of this Force will 
be = Qy. QF. Sin. FQ y, by which the 
Veſſel will be urged round the Vertical Axe 


in the Direction A a; therefore if the acting 


Force is not applied in ſuch a Manner as to 
be equivalent to it, the Veſſel will receive 


A Oy Motion round its Vertical Axe, 


3 | | T 


VI. 


„4 


Fig. 13. | — 
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| CHAP.) which it is abſolutely” neceſſary to deſtroy! iti 
VI. order to preſerve the Veſſel in its, Courſe; 
for if the Difference in the Place of Appli- 
cation was very conſiderable, the Action of 


the Rudder only would not be ſuffieient to | 
counterbalance this Effect. Hence we are 


ſufficiently. apprized how neceſſary it is to 

obſerve the Rule which we have juſt found 
for the Place of Application of the acting 

Force, at leaſt nearly; ſeeing that the Effect 
which would reſult from a ſmall Deviation, 
might eaſily be deſtroyed by the Action of the 
Rudder; beſides, Navigators ought always to 
have ſome Sails at their Command, in order to ad 
the Action of the Rudder, | 


„„ 
We have hitherto conſidered all the Forces 

ns applied at . the Surface of the Water; 
but it is eaſy. to comprehend that the Height 
at which we apply the acting Force, muſt be 
principally. taken into conſideration, when the 
Inclination which the Veſſel muſt ſuffer, both 
from the Reſiſtance and moving Force is re- 
3 quired; ſince it is evident that the more this 
Place of Application is elevated, the more alſo 
will the. Veſſel be.. inclined ; and as in the Ob- 
lique Courſe, the Direction of the acting Force 
F Y is nearly perpendicular to the great Axe 


A of the Veſſel, chere will reſult from it a 


\ 0 
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very conſiderable Momentum to incline the CHAP. 
Veſſel round this Axe, the Effect of which 1 is to VI. 

be apprehended in proportion as the Stability eee 
with reſpect to this Axe is diminiſhed: From 

whence we ſee that in order to render Veſſels 

proper for Oblique Courſes, it is abſolutely 
neceſſary to increaſe their Stability with reſpect = re 
to the great Axe: But this Matter will be con- | 
ſidered in a more e Manner in the fol- 5 _ 
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CHAP. 
A... 
i cf vr. y 
Ther te Aion of the Rudder in C ret 0 
e, 3 1 
1 47. 


He III. ET AC B D ele a horiaciuks Etion | 
"» '* So of te Body, at any Depth whatever under 
the Water, and let AB repreſent the great Axe 
which coincides with the Direction of the Mo- 
tion, the Velocity of which ſuppoſe = «c, alſo 
fuppoſe the Vertical Axe of the Veſſel to paſs 
through the Point F; then let B K repreſent 
the Rudder fixed at any Obliquity whatever 
meaſured by the Angle þ B K which we ſhall 
expreſs by the Letter : It is now required to 
find the Effect of the Rudder in this Situation to 
make the Veſſel turn about its Vertical Axe, 
ſeeing it is proved by Mechanicks that all the 
Motions of Rotation muſt conſtantly be ap- 
plied to the Axe which paſſes through the 
Center of Gravity of the whole Maſs. Thus 
we ought firſt to enquire the Force which the 
Rudder ſuſtains in this Situation, and after- 
wards determine the Momentum of this Force 
with reſpect to the Vertical Axe F G, or rathey 
to the Point F. 


12 . 


+I 48. 


Energia aud Proper / "Mets 


Bot whit t. the Veſt moves in the Direction po. 
5 A with a Velocity = _ e, the Rudder B K will 
ſuffer the fame Effort as if the Water ſhould 
ſtrike it in a contrary Direction with the ſame . 
Velocity; for neither this Stroke or its Direc» 
tion is effected by the Size of the Veſſel; but 
we eafily conceive that both the Weight of the 
Veſſel as well as its Figure may conſiderably 
alter, not only the Direction, but alſo the Ve- 
locity with which the Water will ſtrike upon 
the Rudder: At the beginning of our Re- 
ſearches upon this Subject, we ſhall not take 
any Notice of theſe Irregularities, and we all 
ſuppoſe that the Water ſtrikes the Rudder BK 
in the Direction A B or IL with a Velocity 
S cz but when we haye reſolved this Caſe, it 
will be no longer difficult to eſtimate the, Devia- 8 
1 tions which may wal . the | belprocmeny 
Tionec nber. 3 


Since 1 Rudder. i is a Plane, _ PEP 1 
Water i impinges upon it every where with the 

_ ifame Obliquity BL IS IBK = F, the mean 
Direction of the Efforts of the Water will pals 
through the Center of Gravity of the Surface gf | 


eee Which is immerſed in the Water, 
3 K 2 | this 


* 
2 


* 


VII. 


« * 
* * 
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CHAP, this Point we ſhall ſuppoſe at L, then if the Ates 


of this Surface be put = f*, we have ſeen 
before, that the Force of the Water is equal to 
the Weight of a Maſs of Water, whoſe Volume 

is found by multiplying the. Area f* by the 
Square of the Sine of the Angle of Incidence 


oy ; and alſo by r 47 k fo that this Force will 
4 be = wy 2. 7M Sin. 25; and this Force will be 


48 
applied to the Point L in the Direction I. b, 


perpendicular to the Plane of the Rudder: But 
in order to form a better judgment of the Effect 
of this Force, we ſhall reſolve it into two lateral 
ones, the firſt in the Direction L p parallel to 
AB, the ſecond i in the Direction L perpen- 
dicular to it. For this purpoſe we ſhall 
ſuppoſe the Interval B L I, then becauſe 
the Angle 5 B I. = & we ſhall have B = 
J. Col. & and L. 5 r e tier 
the Angle L Ip = F, the Reſolution of the 
Forces will * us the Force in the Direction 


5 5 . Sin. & . and that in the Direction 


LN „ 75 Sin. &* cot c of which the 


former Ly. is directly oppoſed to the dae of 
the Veſſel; but che latter L 4 will urge the 
Veſſel ſideways in the ſame manner as if theſe 
tuo Forces were applied to the Center of Gra- 


; FF of 
ws. > | | G18 Vity 
E * . | 4 5 
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vity of the Veſſel, and to which the Action If enay. 


the Rudder with reſpect to the „ VII. 


4 the be _ be NEG. 
| 2 5 . 


"ts al theſe two Forces L 5. 775 q 


are ſituated either above or below the Center . 


of Gravity, they furniſh Momentums to 
incline the Veſſel, the firſt L p round the leſſer 


or tranſverſe Axe, and the other round the great | 
Axe of the Veſſel ;. But ſince the Center of 
Gravity G of the Veſſel is commonly ſituated 


above the Point L, if we ſuppoſe this Heighth 


FG = b, the Momentum of the firſt Force Lp 


will be =» 5 = DE rs . Sin, £4 ; by which the 
veſſel will be incliced: c the Head, 


which in conſequence will be more immerſed 
in the Water, and the Momentum of the other 


Force L. q will be = 1:2 Sin. &. Col. c 


48 


by which the veſſel will be inclined towards = 


the Starboard” Side, or rather the Veſſel will 
be inclined towards the Side next the Rudder; 


from whence wee ſee that theſe Effects would 


be diminiſhed-in proportion as the Center of 
Gravity G is ſituated lower in the Veſſel, and 
as the Heighth FG = h can never become con- 
| ſiderable, we eaſily conceive that nothing is to be 
rene from this Effect of the Rudder; and 


K 3 6 for 
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CHAP, for this Reaſon we hoo not 12 eee 8 
VII. nene 
— . ine He's 61. 17 1 
But the price Effect TOY Pr e Rudder 
x ought to produce, is relative to its Motion 
about the Vertical Axe G F, the knowledge of 
Which we ſhall acquire from the Momentum 
of the Forces reſpecting the Vertical Axe GF 
itlelf: For the Force in the Direction Lp being 
: multiplied by the Interval L 2 = 7. Sin. C, will 
| give for the Axe F G, a Mottirntyet equal _— 


124 \# . Sin, 1 Li 2 
4 3 
by which that Head A will be tuned towards the 


Starboard Side; and the other Force in the 
Direction Leg being multiplied by the Interval 

 yyrF=Bgq + BE will give en ex- 
preſſed by theſe two Terms, 


45 . Sin. $*, Co. $* . 1 Sin. &* col g. BY 


* | 
by which the Head: will. 14 ale inclined to the 
Starhoard Side, or towards the Rudder. Let us 
therefore add theſe two Momentums together, in 
order to have the whole Momentum which will 
cCauſe the Veſſel to turn about the Axe FG in the 


— 


Direction A a, Th” wil conſequently be equal to | i 
7 io Sin FU ＋ 5 — Sin. * C0 I 
hap nh in. 3 i 4 {CBE 


from whence we abi, tat 3 te Angle 
Wk 


Confrrut) on and Properties of. 2 


5B K was = o, or that the Rudder was in its 
natural Situation, then this Momentum of Force 
would entirely vaniſn; but if we made the 


| Angle & = 907, this ſame Momentum would. 


e 2c 1 
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CHAP, 
VII. 


7 
— 


: become = goes” 8 and therefore very incon- RE 


ſiderable, ſince the Line BF which i is many times 


greater than the Interval will in this Caſe CY 
tirely vaniſh out of the Calculation, 


7 , 5 


3 4. 


Therefore fince the Rudder 405 not produce 
any Effect in the C aſe where F S o, and a very 
ſmall one when g = go", it is evident that there 
will be a certain Mean Angle where the Rudder 
will produce the greateſt Effect poſſible ; But 
to find this Obliquity which is the moſt Efficaci- 
ous, we ſhall * firſt neglect 1 in our een the 


Term EL: * „ Sin. [4 which is very inconſider- 
TED. 
able with reſpect to the other, ſo that we have now 


this Queſtion to reſolve ; What Value muſt be 
En to the Angle &, in order that the Expreſſion 


E Sin. b. Col. g. BFor ſimply Sin. 2 Coſ. 8 
49. 


may become the greateſt poſlible : By the com- 


mon Rules we find that this will happen when 
T ang. <= = VE 2 ,or rather whenthe Sin. = A 


* 4 1 


f 


. — — — 
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CHAP. 


VII. 


bye f = 54 44 + 384% 


 Cofraon and 4 Props Y 7 I 


and thi Cal Gum 


4 5 a the Angl 


—— Obliquity 3 B k muſt be = 549: 44 


ſo that under this Angle the Rudder acl 

produce the greateſt Effect to turn the Veſſel; 

and therefore our Mapa by neglecting the 

ſmall Interval 7 will be = one e e BF, 
6 * 1 


but if we are defirous to introduce the ſmall In- 


tervalBL = into our Calculation, by putting the 


Diſtance B F = = @ we ſhall have this Expreſſion 


— Lu 75 FIT . 2. 81 
2 in. Col or 
74 vB 42 r e 


— "ak * * Ta "Sin. 3 + a. Sin, T*: "Cot. * 
which mlt be a Maximum, or fimply | 


15 Sin. &* +8. Sin. 8“ Coſ. &; 


here by the uſual Methods we find this Equality 


3 Col C. + 2 [Col &—'x S's, 


| But oce LiF is 45955 a ſmall Fraction, we fee 
evidently that the Angle can differ but little 


fromthe preceding one, w which is 54 44 hence 
we draw this ieple Approximation; to add to 
the Angle 5 44 by many Degrees as the Ex- : 


preſſion A — 4 contain Units or rather we ſhall 


PEEL 
9 537 


”» 


5 an hen 7 * 
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But this Determination is only true when the | 
Water can run freely upon the Rudder in the "i 
Direction AB or IL, which never will happen 
but at the loweſt horizontal Section of the Body 
where it is terminated by the Keel, becauſe this 
Section being nearly a fireight Line, does not ; 
hinder the Water from running in the Direction 7 
I L with its entire Velocity = e; but whenever 
any horizontal Section of the Body is made above | 
BB the Keel, we ſhall then have towards the Middle 
1 conſiderable Breadth, and this will pre- 
vent the Water from running freely upon the 
Rudder: We ſee plainly that if the Length 
of the Rudder BK was much greater than 
the half Breadth of that Section, the Water 
might then run freely at leaſt upon its ex - 
tremity K; but ſince this Length BK is in 
general — leſs than the half Breadth F D, the 
f Motion of the Water upon the Rudder will 
be more effected the more it approaches the 
Point B; and for this Reaſon the Conſideration 
upon the Effect of the Rudder will become ſo 
much the more complicated: It is even neceſ- 
Gary here to acknowledge, that the Theory of 
the Motion of Fluids is not ſufficiently aſcertain- 
ed tor us to diſcover, how much the Direction 
and Velocity of a Fluid which paſſes near a 
Polid * will be akered by 1 however we 
ſhall 
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CHAP, ſhall - - endeavour to throw as much Light 


* 4 


Plate III. 
| Fig, 15. 


* this Queſtion, as may at the ſame time 
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Su WY therefore Ac B D to be the Figure 
of ſuch a Section, and let AB be the Length 
and CD the Breadth, alſo ſuppoſe the Velocity 
of the Veſſel in the Direction B A to be as 
heretofore. = c and BK the Poſition of the 
Rudder under any Obliquity = ; likewiſe let 


. be the Center of Gravity o of t > Surface of 


the Rudder or rather of the Part which cor- 
reſponds to this Section; This being done it 


is evident that the Water could not flow upon 
the Rudder near the Point B, but in the Di- 
rection 3 which is that of the Side of this 


Section near the Stern, and we eafily con- 
ceive that if this Section ſhould preſerye its 
half Breadth Fc almoſt to the Stern, that 


there would then remain but a very inconſi- 


derable Curvature for the Side B, in which 


Caſe the Water near B would not ner any 


Motion, and the Rudder would not produce 
any Effect. It is neceffiry therefore, that the 


Side AC B ſhould in no Part have any great 


Curvature and ſtill leſs any Angularity, and that 
the Breadch F C thould Uiminiſh! Kio by little 


towards 


- 


Preys the Poitit B a} as ll Zur 
No HRC * n of, 


* 5 56. 3 4s 
8 ber us now re that the Water 


flows near B in the Direction c B, and let 4 
put the Angle CB = &, then ſince the Length 


of the Rudder B C is always very ſmall in 
compariſon with the greatneſs of the Veſſel, 
we may well ſuppoſe that the Water runs 


in the ſame Direction upon the whole Rudder 


K B. For this purpoſe let the Line Li be 
drawn parallel to Be in order to repreſent the 
Direction of the Water, alſo draw the Line 
L 1 parallel to B A then ſince the Angle 


B LI is = E, and becauſe I Li S c, the 
Obliquity under which the Rudder wil be 
ſtruck, will be = © + &; and with reſpect to 


the Velocity itſelf we ſhall very ſoon prove 
that it is no longer = c but rather c. Col. e, 
by which means the Expreſſion for the 


preceding Caſe may eaſily be applied to the 


prefent one, by ſubſtituting . Coſ. é in place 


of c, and the Angle & + & in place of F, 
from thence we ſhall have the Force with 


which the Rudder will be ſtruck by the Wa- 
Fer e 8 49) Vin 5 
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CHAP. approaches go? the leſs will this Force be- 


VII. 


I os 
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come, and it will yaniſh entirely if the Angle 


c Bc ſhould become a right one. But this 


is preciſely the Caſe where we have already 


| remarked, that the Water near the Stern would 
not produce any Effet upon the Rudder. 
And in order to find the Momentum of this 

Force with reſpect to the Vertical Axe of the 
Veſſel, 'we may well neglect the ſmall Term 
which before contained the Letter /; (ſee 
$ 51), then the other which is the principal 
one, will be found by multiplying the Force 
both by the Interval B F and by the Cofine 
of the Obliquity of the Rudder, or rather by 
the Coſ. &; hence the Momentum of Force 
of che PET. will od the lags Caſe ber 


; come | 


Cc, Col. Y 
e 


A. Sin. 55 cogr. 


$56. 


"Nowl in order to find the Angle E, or the Obi. 
quity of the Rudder which would produce the 
greateſt Effect, the common Methods will fur- 

niſh us with this Rule; that we wp find 


an Angle Y Wen that the Col. 5 2 7 Col. „ 


and then ke 9 = got — Ea? Thus if the 
Aren. s or CB e was = . 5 or - the Angle 


0D 
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0 BD = 90, which is nearly the Caſe at the onA . 
Level of the Water, we ſhall _ have | VIL 
Col. 6 = e and r h N * 


Col. 6 = — = 2367993 = = col. y 


14 


from — we find i 55 ar 
1 = N 22/3 hence —L 25 + * => = 60*: Ars and 


conſequently the ogkd 9 29˙ * 19 5 lin 
is therefore much leſs than that appertaining to 
the loweſt Section of the Body, whete we 
find & = 54: 44 and this Value may like- 
wiſe be determined from our Rule by taking 
S ©; for then che Coſine of & =! x,0000009 
and the Col. y = 009083 from thence 
— A — 


KR =. 7055 ; therefore = 3 2 16, 


and a 2 my 4 "the lame 
as before. Hence we ny As a very 
important Concluſion for Navigators, that in 
order to obtain the moſt ſpeedy and greateſt VI l 
Effect from the Action of the Rudder, it is 
neceſſary to give to it an Obliquity ſomething 
tefs than that of '54* : 44 which has been 
| hitherto preſcribed by e For if 
the higheſt or Water Section of the Body re- 
— not 29: 19 whilſt the loweſt 
Section would demand one of 34: 4, it is neceſ- 
- fary vichneizdonhytoimelat choice of ſome Mean 
detween cheſe two * the Arichmetical 
ks” Mean 
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the Rudder has a much greater Breadth at Bottom 


chan at the Level of the Water, and beſides the 


Effect of the Water much greater below than 


1 the Surface, (the Mean to be fixed upon 
| ought to be much nearer - the greateſt Limit. 


From whence it ſeems that we might eſtabliſh 


this Rule, that an Obliquity of about 485 
will in general produce the beſt Effect 3 
or rather in order to obtain the greateſt Effect, 


885 the Helm ought to make an Angle of 48˙% 


with the Axe of the Veſſel or at leaſt one of 43 
ſince the differences which ariſe ner a Maximum 
La mana EN 5 7 2 


WOT Al 


At preſent there only remains to SE the 
Reaſons which have determined us to fix the 


Velocity with which the Water ſtrikes the 


Rudder S r. Col. f. For this. purpoſe let the 
. preſent Poſition of the Section of the Body be 


repreſented by the Figure ABM where AB 


is ſuppoſed to be the great Axe of the Veſſel, 
and BM any Part whatever of its Side, there- 


fore the Angle A BM = &; and ſuppoſe al- 


ſo, that in one Second of Time this Figure is 


advanced to a h m through the Space B Þ 
 ='Mm= c, the Space gone over in one Second 


being always repreſented by c. But in this 


State if the Water which invironed the Veſſel 


* — 
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1 the Poſition A BM could not follow the cn. 
Veſſel in its Motion, the Space B U M would Vit 
remain. void; but the State of Preſſion with ET 
which Water is endowed, obliges it moſt rea- 
_ dily to follow the Veſſel and to fill the Space 
BUN M. this Succeſſion will even be made in 
the ſhorteſt Diſtance; therefore drawing the Per- We 
pendieular N from the Point m upbn the 
Side B M, it is then plain that the Water will 
move from N to fill the Void near n, and this 
Succeſſion being made through the Space N y 
in one Second, its Velocity will be expreſſed 
by this ſame Interval : . therefore ſince the 
Interval M n = BY = c and the Angle 
m MN = ABM = &, the true Velocity 
of the Water at N will be = e. Sin. e in 
the Direction N m. Now in order to find 
the Velocity with which the Water ſtrikes 
the Rudder, it is neceſſary to ,,coankider _the 
Veſſel as at Reſt and the Sea as rang 1 
againſt the Veſſel with a Velocity = = „ in 
the Direction A B; cherefore a Particle of Wa- 
ter at N will beſides its proper Motion be 
tranſported to 1, by drawing N parallel and 
equal to B; conſequently by combining this 
Motion through N with its proper Motion 
through Nun, We have only to compleat the 
Parallelogram M N u, whoſe Diagonal will 
repreſent both the Direction as well as che 
with which the Water at N is moved 
with 
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ena. witht oy to the Ved.” Therefore ſince. 
| VII. Ma = and the Angle nMN= &, this 
FO On Didgoral NM is- evidently = c. Coſ. e, fo 
that the Velocity with which the Water ſtrikes 
the Rudder is in effect c. Coſ. e, as we 
have before ſuppoſed it, and as the Direction 
NM is alſo the ſame as we have aſſigned it, 
this — Ow One" to be OF 


3 3 


5 
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c H A P. VIII. 
Upon the aun 75 the Rudd in our Conſe 


s 56. . 

| TE ſhall begin here in the ſame n 
VV as before, by conſidering the loweſt 
Horizontal Section at the Keel of the Veſſel. 
Let the right Line AB therefore repreſent to 
us the Keel moving in the Direction A 4 
or in that of F X with a Velocity * b 16 
that the Angle AFX will expreſs the ee 
of the Veſſel, which we ſhall ſuppoſe as before 
| = 6, and we ſhall alſo ſuppoſe that the Rud- 
der BK makes with the Keel prolonged the 
Angle KBS = F, this Angle of Obliquity 


Fig. 17. 


orc on ad Phperic of ul 1 
deing to Leeward. It is required here HA. 
fore to determine both the Velocity and Di- VIII. 
rection with which the Water will ſtrike againſt 
the Rudder B K: For this 3 we ſhall con- 
ſider the Veſſel as at Reſt, that the 

Water runs upon it in' the ee n A fr 

XF with a Velocity 2c; it is at firſt evident, 
ſince the Body of the Keel is oppoſed to the 
Continuation of this Motion, that the Water in 
approaching it will be obliged to change its 
Direction by Degrees in ſuch a Manner that near 
the Stern Poſt at B it will exactly follow the 
Direction of the Keel FB, and that with a 
b a Velocity, which we might concludde 
to be -= c...Coſ.: o. But at ſome Diſtance. . 
from the! Keel the Direction of the Water 

will approach nearer to its natural Direction 
XF, and that in Proportion as the Diſtance 
from the Keel is increaſed; but as the Rudder 

has little Extent, if we conſider its middle Point 

to be at L, by drawing there the right Line 

I L parallel to the Keel, and repreſenting the _ 

Direction of the Water by the Line iL, the 

Angle IL i will always be leſs than the Lee- _ 
way AF X = ©; for the ſame Reaſon the 
Velocity there will alſo be greater than c. Col. , 
and as we cannot determine any. thing with 
Preciſion, we ſhall take ſome other Angle q leſs 
than e; let us ſuppoſe therefore, the Angle 
1 L * = . and the Velocity of the Water 
L Se. Col. 5 
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146 ' © Cunifrultion and Propanties of Vella; 
onA. = e.Cdſ: d then the Foe ah the Fer pon f 
III. N 00 0 
e . SLY Sin. 


5 the Angle of Troidence BL. = D 450 
whete f denotes the Surface of the Rudder at 
this Place; but tha Line L. S which is perpen 

dicular err ee nen 0-0 5 


oy 


Force. 39.0689 4 
4 „ 


„nt — me-pitrochic ben in this Reſearch 
it is neceflary ta have recourſe to ſome means, 
. by which we may eſtimate the Direction of the 
Ma-Cater at the Point L: but as an exact Determina- 
dan would not be of any particular Advantage in 
Practice, ſince it is ſufficient roknow in groſs that 
, the Water effectively ſtrikes the Rudder, and 
as the Momentum of this Force with reſpect 
to the Vertical Axe FG of the Veſſel, by neg- 
lecting the ſmall Portion which depends on 
N ee eb W e 550 be 


iN & V. Cite BF, 

+ eee we may © hall conclude, that in 

: * to obtain the greateſt Effet tho Angle £ 
_ muſt be lefs than 54*: 44, and if we are de- 
| <rqus to know this Angle more exactly, we 
77 oa 7 ad bns 0 © thine 
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_ have — find a Ane ſuch that Ro CHAP, 


= = ECols and then rake the 890 0 Wy = 
; Moreover finc the Leeway Oy ſeldom furpaiies | 


b "tak ing 9 22 2 Eg, d thil Fapteſtion | 


will 1 not 1 confiderably, from the, — 
therefore. ſince, 9 does not ſurpaſs 10 Degrees, 
we ſee clearly that there would not reſult anx 
ſenſible Error whenever this Angle ſhould: be 
7 taken ſome Degrees: greater or leſſer. 4 n 
by taking h = 10% we find n = : 50 and 
C= 49: 35.3 but] in this Hypotheſis irſelf the 
; firſt Factor £2 . Col, 62 will not be conſiderably 
| diminiſhed by. the Multiplication. of Coſ. 6*z ſo 
hat it would be of very little Importance to b 
tend to 2 cher degres of Neelie, vn ay 


* 


86e. 


But i the Rudder wah turned * Wind- plite Iv.” 


Ward, the Caſe would be entirely * dif. * 
ferent” from the preceding one, ſince there , 
wodld not arrive upon the Rudder any othi 
Water but chat from beyond the Fore Patt A, 
in the Direction A a, which if it ufd pre. 
ſerte its Ditection wotild certainly never 
ſtilke the Rudder, Was it even longer chan 
coinmon: Bor we Coriotive exfily uten ebe e 1 
ter, which has began to move in the Direction 
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"A Bi 
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CHAP. A , vill change its Coutſs by Degrees, and. it 
VIII. vill be curved nearly according to the Line 
a2 e q, ſo chat ſome Portion might "reach. the 

Extremity of the Rudder; however the 

5 Force which reſults from it. will be always much 
F leſs than in the preceding Caſe. We know.. 
SY alſo but too well from Experience, that in 
theſe Caſes it is almoſt impoſſible to make a 
Veſſel turn to Windward by means of 

the Rudder; and Navigators are commonly 
obliged to uſe ſome Sails in order to attain this 

End: neither does it appear how it would be 

Þ le poſſible to remedy this Inconvenience unleſs we 
wddbould eſtabliſ à Rudder at the Fore Part of 
the Veſſel; or at the Extremity of the Stem: 
But it ſeems that this Method would meet wich 
IE. other Obſtacles Oy unſurmountable | fl 


— 


961. 


nts IV. oY us no- conſider a Section of the Body 

Fis· 19. more elevated, whoſe Breadeh | is repreſented, by 
the Line C D, the Length being deſcribed as 
| heretofore by the Line B A; alſo. let t the Mo- . 
tion be made in the Direction F X, and ſup- 
poſe the Angle of the Leeway A FX , 
then, ſince the Rudder B K is turned Mt: 
Leeward, its Obliquity being repreſented by 
che Angle SBK = it is now Evident, | 

Fat 
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hat in this Caſe, the Water will run niote CHAP 


freely upon the Rudder than in a direct 


Courſe, and conſequently will not loſe ſo 


much of its Velocity, therefore the Deter 
minations which we have found in the preced- 


ing Chapter will ſtill anſwer our Purpoſe: But | 
as the Obliquity with which the Water ſtrikes 


the Rudder is at preſent alſo greater for the 


| loweſt Section of the Body, it follows, that in 
order to produce the greateſt Effect, the Angle 


C muſt he taken full. lefg chan before i and per- 


haps it will be very proper not to increaſe: the 


Angle 8 B K beyond 40 Degrees. However 


this Remark is not of any great Conſequence in 
Practice, ſince there i is no Difficulty in knowing 


whether a Veſſel obeys the Rudder or not, 


and what e, will” TOO, W beſt 
. . 


1 = 


But the RY Difficulty we meet. ; with | is 
when the Rudder B & is turned to Windward, 


in which Caſe we ſee evidently that the Water 


coming from the Head in the Direction As 


might perhaps not arriye upon the Rudder, 


although its Directions were ſomething curved; 
and it is alſo in this Situation that Veſſels 
in general do not anſwer their Helm; but 
even if the Water ſhould arrive at the Rudder 


| 1 "ON. 
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We 
CHAP. Bk 18 Effect would be — much 110 


VIII. than in the direct Courſe; and we have only 


a . 
4 


to conſider the Figure in order to aſſure our- 


ſelves, that the ſhorter the Veſſel! is with re. 


8 the more bie Ded mut 


Langeh of a Ver mould bes many e 


greater than its Breadth, and the Figure of 


the Aft Part be finely” maped towards the 


Rudder, ſo that the Water might eaſily glide 5 


along the Sides of the Veſſel, it may well hap- 
pen that its Effect upon the Rudder would 
be ſtill conſiderable, which will be always 


a very good e belonging to thi 


Species of Veſſels : We alſo fee that Builders 
are accuſtomed to 'narrow the Figure of the 


Aft Part inſenſibly, and to avoid all Curvature 


as much as poſſible; this Practice 18 only fol- 
lowed to obtain the great End of command- 


8 ing the Veſſel by means of the Rudder : : 
They" "have alfo contrived another Method, 


very proper to remedy this Defect, which, i is to 


give the Keel a Poſition inclined to the Ho- 
Tizon ; ſo that the Stern Part, and therefore alſo 
the Rudder, are both immerſed to a greater Depth 


han! the Fore Part, of he Veſſel: For. it. is 


at ebe in a Rig i the, weer LE: of the 
udder ; ] 


'£ 4 
On 


| 
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Rudder? Ther happens Hill im this Caſe 4 har. 
favourauble Cifcumſtunce which facilitates the VIII. XII. 
Action of the Rudder, for when the Veſſel i N 
upon a Wind, and the Leeway is for Example — = 
on the Starboard Side, the Veſſel will Heel very 
conſiderably to Leeward, from whence it fol. 
lows that the Larboard Side of the Keel muſt | 
be turned up, and .therfford [the Body of the 
Veſſel does not fo much tera the TORE from 15 
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Wat has deen here faid- upon tho ne 
Aden of the Rudder, miſt not be-anderftood l' 
2 a Rule which we ought to follow at All tinies; 7 15 
fie whilſt a Veſſel continues in its Courſe; the 
_ Uſe of the Rudder is not. neceſſary except when 
à ſmall Deviation has by any! Accident "what 1 
ever takten place, and it is required” to re gain 
the true Direction; ſuch an Effect may in gene. 
ral be produced by a very fmall Motion of the 
Rudder, and it would be very improper in ſuch 
2 Cafe, fo give the. Rudder an Obliquify —_— 
might produce the greateſt Effect pole: jeg 
it is only who we have occaſfon to turn th Ve! _ 
| ſoddevidy: that Ho müſt have reobeſd a 
moſt Efficacious Action of the Rudder: But in 
4 and by what Motion 1 5 Veſt 
i OT A will 
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en Ap. will be actually turned by the. Force of the 
XII. _ Rudder, Saf will be crane in n 5 
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f on AP, | IN. node « to determine the Motion of "IM @ 


tion, which a Veſſel will receive from the 
0 Adion of the Rudder, it is neceſſary above all 
tthchings to determine truly the Momentum of 
tis Force, with reſpect to the Vertical Axe 
of the Veſſel, But we have juſt ſhewn, that 
this Momentum will en be —_— in an 
5 W. hoſt of this TG ay end am 0074 
* Min 4 FE was 

5 A #7 _ 3 he $a of hb Uno 
By the Interval between the Rudder and the Ver- 
tical Axe of the Veſſel; c the Velocity of the 
Veſſel; and æ a numerical Coefficient which re- 
- talts- both from the Obliquity of the Rudder, 
15 4 of the Veſſel, and alſo from the 


Fi igure 


Figure . he Stern HY 4 the this Expreſ CHAP. 
:  «j 


ſion contains four linear Dimenſions, 0 Which 


three giye a Volume of Water whoſe | Veight © 


repreſents the F orce, and this being, multiplied _ 
by the fourth Line, gives, that which we call 


the Momentum of Force: From hence we ſee 


that this Momentum i is always proportional to 


the Square of the Velocity c*, conſequently 
the more rapid the Motion of the Veſlel be- 


comes, the greater will. be the Effect produced | 


from the Rudder, which is indeed ſelf-evi- 


dent, ſeeing that a Veſſel at Reſt is always inſen- 


| ſible to the Rudder. It is alſo. equally evident 


that this Force muſt be proportional to the Sur- 


face of the Rudder F; and beſides, it is like- 
_ wiſe proportional to the Interval BF : There 


fore the greater this Interval is, or the 


Length of the Veſſel exceeds its Breadth, the 


greater alſo will be the Efficacy of the Action f 


of the Rudder; by which it appears that long 
Veſſels, beſides the great Advantages which we 
have already remarked, would in Addition have 
that of anſwering 1 the Helm more readily, © 


„ 'F 65. 5 

But the Knowledge of this Momentum is 
Rill not . ſufficient to determine the true 
Motion which will be communicated to the 
Veſſel, we yet require another Element ariſing 


from the Maſs of the Veſſel itſelf; in the fame 
5 3 manner 
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CHAP. inablier as" if it was eq ited” from 


IX. 


Cmfritian — 9 . 


greſſive Motion to have Ki Which we call 4 


celeration; it would then be "neceſſary to di- 
vide the Moving Force dy the whole Maſs. 


But finc nee the oy e ls upon the Veo. 


call the ee 971 Werds of the r with 5 


reſpect to the Axe of Rotation: from the Rules 


of Mechanicks this Momentum of Inertia is 
found, by multiplying each ſeparate Maſs of 


which the Veſſel is compoſed, by the Square 
of its reſpeQtive Diſtance from the Axe of Ro- 


tation: If we therefore multiply all theſe 


Weights, each by the Square of its Diſtance 4 


from the. Vertical Axe FG, there will reſult a 


Product of the enti1 re Weight of the Veſſel M., 


by the Square of a certain Diſtance, which will 


be ſome Mean between the greateſt and leaft 
2 Piſtances, which ſuppoſe = E; our Momen- 


tum of Roda will then, be = M. +; or ra- 


ther, if we are deſirous of reducing the Weight 


of the Veſſel to a Volume of Water, as we 


have before done in the Momentum of Force, it 
will be only neceſſary to ſubſtitute inſtead of M, 


the Volume of the immerſed Part or the Body, | 
which we before expreſſed by the, Letter V, 


2 in this Cale, the Metnentum of Toertia wil be 


— ad? o \ > — » $ # * 2 . * * * 7 = V 
MK. Ex . 7 2 2 ” I . i 15 15 18 PS 7 *% #3 4 
74 $57 Geer TY WELD | 


£ g F 5% 0" 2+ 3 = 44.0 1 | "i C „ 4 Fi 4 


* 
3 


— 


2 V £45; This: Porduts'! therefore 


+5 


five Linear D log. nn 

Nom in order to and the 8 in 
the Motion of Rotation, it is neceſſary, accord- 
ing to the Rules of 'Mechanieks, t6.multiply | 
the Momentum of Force by 2 g. or by twice 
the Heighth which heavy Bodies fall in one 
Second of Time, and divide this Product by 
the Momentum of Inertia of . * . 
Argoleratin will = ge , 22 1 


* 
- 
+ 
* 
„ 


- 


— eee wilt give a Nu- 
mericab Fraction: that will always expreſs tlie 
Sine of the Angular Velocity generated im one 
Second, - but it is neceſſary to obſerve, that 
ve meaſure an Angular Velocity: by-the _ 


| which it is capable of moving thraugh in 7 in 


Second: From hence: we comprehend, that a 
eee itſelf which the: Change! of Situation will 
produce in the: Veſlt in the fioft Second; will he 
half the angular Velocity that we have juſt found. 
And with reſpect to the Mutian afterwards, 
we. know: that the angular Velocities _ 
would: be pruportibnal to tha Times, and 

Angles themichues deſcribe bychis Miran ”w 


0905 | Rotation 
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CHAP. Renabloh to that of the Squares of the Times 

IX. elaſped, if the Veſſel did not meet with any 

Reſiſtance in this Motion, and the moving Faroe 
remained the ſame, N 


4 
* 1 
3 | * , f ; „ 9 > * 5 , p | 


Pars FP en 11 


2 5 But de the is Veld begins t to turn en 
„„ * Vertical Axe; both its Direction and Velocity 
will experience ſome Change, and it is evident 

that the Force of the Water upon the Rudder 
will be alſo changed by it, by this means the 
Motion of Rotation would be no longer deter- 
mined by the ſame Momentum of Force: Be- 
fides, as ſoon as the Veſſel turns round its Axe, 
it will meet with a pecullar Refiſtance in the 
Water, which tends to diminiſn this Motion. 
However, as this Motion is ſtill very flow, 
neither the Change in the Force or the Reſiſt- 
ance would be ſenſible, and therefore for the 
| ſmall time of one Second we may well regard 1 
the Motion generated as agreeing with our Ex- | 
preſſion, ſo that after one Second the [Velocity 
of Rotation will be nearly the ſame as that 
which we have juſt aſſigned to it. But here an 
abſolute Meaſure of this Motion is not ſo much 
required as the Proportion which in this reſpect 
is found in different Species of Veſſels: Thus, 
2s ſoon as we know the Proportion between 
e BF, V, and &: for two dif- 
ferent 
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\ ferent Veſſels, and their Velocities c under the CHAP», - 
ſame. Circumſtances; we are then able to judge i L. 
which of theſe Veſſels will beſt anſwer the Hein 88 
and alſo to determine the Ratio of their n 5 


of — round We Vertical Axes... ? 
In Under chat this Poet may * fully” 
explained, let us ſuppoſe as heretofore the 
Length of the Body = a, the Breadth = 6 i 
and the Depth = e, then the Volume of the 
Body will be nearly proportional to the Product 
abe, and with reſpect to the Square k* ve 
readily conceive that it muſt depend both on the 
Length a, and the Breadth 5, ſo that we ſhall 
not deviate much from the truth by ſuppoſing it 
Proportional to the Product ab; the Size of tlie 
Rudder is commonly regulated by the Breadth of 
the Veſſel, and as the Depth e conſtitutes the prin- 
cipal Dimenſion, we may regard the Surface f f 
as proportional to the Produc: be; laſtly, the ink 
terval BF is evidently proportional to the | 
Length 4: From thence it follows that the Ve- 
locity of Rotation produced in one Second, r 
in "_ other n ann en, will be al- I 


whats te Cooflicient. 4 contains | the amal Di fo 
nc cauſed by. ms Diverſity of the Con- 
- radios, 
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bo "TOS. 
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PP 


Wen ene wil be 


this ee tank: Nis 8 BLI 1 1 


X 2 he iet 5 Ro Aden is diredly as ;the Ky ane 
of the Velocity, and feciprocally as the Product 
2 b, or rather us the Area of the Water Section. 
Thus if two Veſſelu ate perfectly alike, of which 
one has all its Dimenſions twice as great as the 
other, the Velocity of Rotation of the greateſt 


will be only one fourth Part of that Which will 


: be acquired of the We) under the * WR. 
"OI. ff 2 „% 1tuns At 


3 


8 . 3 
© Before this Bock is Build we oncht fi 0 


: foy ſomething upon the Force which muſt be 


employed to preſerve the Rudder in a given 


Obliquity ; for łhis purpoſe let the Obliquity 
of the Rudder K BS & to which the Obli- 


quity of the Incidence of the Water upon the 
Rudder is nearly equal, then W AC * 


9418 'S: , 
e 
4 4 l 


* 1 18 3 


the Point L being the Center of the Rudder, we 


ſhall have the Momentum of Foret with reſpect ; 
to the Are B, round which the Rudder itſelf is 
moved. Therefore fach 4 Force muſt be ap 


phed tothe Heim as muſt produce a M 
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CHAP. . 


Upon the Sails ad the Force / the Wind. 


55 oo 1. 
HE Air" is a Fluid Matter like Water 
but much more ſubtile. Experiments 
have ſhewn us that the Denſity of Water is 
about 800 times greater than that of Air, there- 
fore the Weight of a Volume of Air will be 
only one 8ooth Part of the ſame Volume when 
filled with Water: conſequently when the Air 
ſtrikes any Surface whatever with a certain 
Velocity, its Effect will be only one 8 ooth Part 
of that which would ariſe from the Water ſtrik- 
ing it with the ſame Velocity; from hence, we 
are able to aſſign the Force which a Plane 
Surface = f* muſt ſuſtain from the Wind a&- 
ing upon it in a perpendicular Manner with 
a given Velocity = c: for having already ſeen 
that if the ſame Surface was ſtruck by the Water, 
the Force would be equal to the Weight of a 
; Volume |} 


which would be run through i in one Second. 
Therefore, fince we have determined the Force 
of the Reſiſtance by the Weight of a Volume 
of Water, we are alſo able to expreſs the 
- Force of the Wind in the ſatne Manner. 


baba and Proetic of Pt. 


"I 9 45 of Water expreſſed by A we con- 


dlude that the Force of the Wind will be equal 
; to the Weight of a Volume of Water expreſſed 


by 11 a „ Where it muſt be remembered 


00.42 


: that g denotes the Height which a heavy Body 


will Kall in one Second of W and that 


„ 


"4% | 


over in one Second of Time; and beſides the 


Wind may change every Moment, the late 
Mr. Bouguer has contrived a very ſimple In- 


ſtrument, by means, of which we may im- 
mediately diſcover the Force which the Wind 
exerts upon a given Surface. This is a hollow 
Tube AAB B in which a Spiral Spring CD 
is fixed that may be more or leſs compteſſed 


ä 1 


9 it is not ” 1 to obſerve tha true Ve- 


boc ity of the Wind or the Space which it paſſes 


berger. 


„„ „ eee ts ee WG 


— — 


Plate T. 
Fig. 1. 


by a Rod FS paſſing through a Hole within 
the Tube at A A; then having obſerved to 
what Degree different Forees or given Weights 


Ss > # 


2 and 4 Properties 7 vb. 


cen Ar. are en of compreſſing the Spiral, we 


1 


put Diviſions upon the Rod in ſuch. à Man- 


2 9 * that what we obſerve at 8 indicates 


mine the Fares high it crerts. en Wole 


che Weight requiſite. to force the Spring, i in- 


to the Situation C D: afterwards we Join in 
a perpendicular Manner to this Rod at F, a 


plane Surface E F E of A given Area either 
greater or leſs as we may judge proper; then 


nothing more is neceſſary than to oppoſe this 

Inſtrument: to the Wind in order that it may 
ſtrike the Surface in the Directions V E, 
VE parallel to that of the Rod, and the 


Mark at 8, will new the Weight to which 


the Force of the Wind is equivalent; from 
chence it will be eaſy afterwards to reduce 
this Weight to a Volume of Water as we 


have hitherto expreſſed all Forces. There- . 
fore when the ſame Wind blows in a per- 
pendicular Manner againſt any plane Sur- 
face whatever, we may always readily. deter- 


vs 


Ir 18 _ Gar thing: when the Wiod i | 
plane Surface -obliquely, and the Force is di- 


miniſhed in the Ratio of the Square af the, Sine 
of the Obliquity. Thus, if the Surface was 
, the Velocity of the Wind Sc, and the 

Obliquity = b, ſs aging would be equal to the 


1 


Sion and . of En 


| But the Direction af this Fabse: is his 
perpendicular to the Surface, and, paſſes through - 
its Center of Gravity. From hence we ſhall 
eaſily know the Force, which the Wind exerts * 
upon the Sails; and as the Sails are ſo ex- 
tended that their Surface may be regarded as 
a, Plane whoſe Area is =. f*,.the Expreſſion | 
which we have juſt given will expreſs the Force 
of the. Wind. In order to form a more ſa - 
tisfactory Idea, let us conſider ſuch a Sail 
| whoſe Surface we ſhall ſuppoſe equal to a Foot 
Square. or f* = 1, if this Sail be ſtruck by 
the Wind in a perpendicular Manner, ad 


with a Velocity equal to ten Feet in one Se- 


cond, then out n em will give gr : 209 


4 
Cubic Feet becauſe | ES = 16; which F raction ls 


3 r in D I al Parts = He 
7 ecim: = 0,00195. Hence 


if the Wind moved with the Velocity of 20 Feet 


mi a Second, the Force would be = = = of 


a Cubic Foot; pe the Wind e bet 
Feet in a Seebad this Force would be 


and if it ee 4⁰ Feet i in a Second, the Fe orce 
would be the . — Part of a Cubic Foot, which 


is equivalent” "6 ſomething more than. the 


Weight of Two Pounds Averdupoize. 
M2 
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Weight of a Maſs of Water, whoſe Volume is CHAP. 


ot 


CPU and ene of Val. 
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. 11 
WER we can- never Set' chi Shs? in ſuch a 


Mannes that their Surfaces will become Planes, 


eſpecially when the Wind is very ſtrong and 
ſtrikes almoſt perpendicularly upon them ; for 
in this Caſe the Sails are more or leſs curved 


according to a Figure which Mathematicians 


Have truly determined, But it is of very little 
Importance for our Purpoſe to know this Fi- 


gure, and it is ſufficient to remark, that the 


more a Sail is curved the more alſo will the 
Force of the Wind be diminiſhed, and for the 
very ſame Reaſon that the Fore Part of a Veſſel 
which is either curved or ſharp will ſuffer leſs Re- 


| ſiſtance than one that is flat. We have found 


even that if the Curvature of a Sail ſhould 
approach to that of a Hemiſphere, the Force 


of the Wind would be reduced to one Half 


of that which a great Circle of the ſame Sphere 
would experience and as the Surface of a 
great Circle is but half that of the Hemi- 
ſphere, it follows that a Sail curved into a He- 
miſphere would only receive one fourth Part 


of the Force of the Wind which it would 


receive upon its plane Surface. It is there- 


fore neceſſary to employ every Means for to 


hinder or at leaſt diminiſh the Curvature of 


the Sails as much as Circumſtances will admit 


on and Properties of Ig 


of. But As we may. always conceive. a plain cu AP. | 


Sail which would produce the ſame. Force as 


A curved one, we ſhall not embarraſs ourſelves OS: 


any longer upon the Curvature of Sails; and 


in the following Reſearches we ſhall. conſi- 


der them all as perfect Planes, Ms ſuppoſing. 
them leis in Proportion. | 
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Fend we have conſidered the Sail 3 as at 


Reft, but ſince it has the ſame Motion as the 


Veſſel above which it is extended, there will 
often reſult as great a Change in the Force 
as the Wind exerts upon it. Let us ſuppoſe 
the Sail to be carried in a certain Dire&ion 
with the Velocity = ©, and that the Wind 
blows in the ſame Direction with a greater 
Velocity = c; it is evident that the Wind 
will act in 17 very ſame Manner upon the 
Sail as if the Sail was at Reſt, and the Wind 
ſhould ſtrike it with a Velocity = =, c -u. but 
if the Veloeity of the Wind c was leſs than 
that of the Sail, it would be ſtruck by it on 
the oppoſite Side; and if the Directian of the 


Wind was contrary to the Motion of the Sail, 


the Shock would be made with a Velocity 
=c+v; from whence we ſee that in Na- 
vigation it is very neceſſary to diſtinguiſh the 
rye e Velocity and the true Direction of the 
5 | M 3 ; "Wing 
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Which acts upon the Sails in Motion, the ap- 
by | \parent! Wind, in order to diftinguifh it from the 


true Wind, with which "the "OF. way be 


Nur if they were K Reſt 


3 r 


5 $6 


11 1 to "cs this Difference. in gene- 
Fig · 2 ral, let the Line ST repreſent the DireQion and 
Velocity with which the Sail is carried, or let 


| this Line 8 1. denote the Space which r 


moyes through in one Second: alſo ſuppoſe 
the Wind to blow in the Direction VS = 
a Velocity expreſſed by this ſame Line VS, 
which conſequently repreſents the, true Wind. 
Noy it is required to find the apparent Wind 
or that which wauld act upon the Sail at Reſt, 
in the ſame Manner as the true Wind acts 1 upon 
| the Sail in Motion. In order to reſolye this 


Queſtion, let us conceive. the hole Syſtem to 
have a Motion contrary and. equa: to that 


| of the Wind, or. that the whole is carr ied 
in the Direction 8 V. with a Velocity | repre- 
ſented by this fame Line; then the Air ill 


in this Caſe be reduced to Reſt, and the Sail 


win have a Motion compoſed of its proper Mo- 
tion ST, and of its impreſſed Motion SV. 
We have therefore only 1 to compleat the Pa- 


e 


enAp. Wind from that with which it acts upon the 
I. Salls. For this Purpoſe, we ſhall call che Wind 


wo _ 
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rallelogram 8 T. v V, whoſe Diagonal $ 89 will d 


repreſent the Motion of the Sail in a Calm, 


and therefore reciprocally the Sail will ſuſtain = 


the ſame Force as if it was at Reſt, and the Wind 


ſtruck it according to the Direction, and 8 
the Velocity v S: Conſequently this Diagonal 
S will ſnew us preciſely that which we dere | 


name the ee Wind, 


F 


LP 7 
Therefore if the 1 8 * Spieles the 


- Line of Direction in which the Sail moves, and 


the Line V S that of the true Wind, the appa- 


rent Wind will be repreſented by the Diagonal 


vs; but in order to find its Effect upon the 
Sail, we have only to conceive the Sail as being 


at Reſt, and that it is ſtruck by the Wind denoted 
by this Line vS; then by making uſe of the Ex ® 


preſſions which have been already determined, 
it will be eaſy to 59 the Force which the true 


rection 8 5 "For if we call the 1 of the 


Sail 8 T = v, the velocity of the true Wind 


VS and the Angle VS T Z; the Ve- 
locity of the apparent Wind v S will be AY 


T0 if of * <2 cv, Col. © + v* - | 
and fo the Diredtion we 5 8 7 4 


N 4 e Sin. 


„ ws . 


hi” 4 I 
i 
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1 S. 8 T —= 
, 5 T4 OIOE nana . Col. 1 
— — 9 in 434 | 

or M s 


b 1 i.£- 1 4 21 
1 e s Wy e Col. 7 3 


Fm bende knowing the velocy & the 1 
apparent Wind v 8, which ſuppoſe = 1 with 
the Velocity of che Sail S T = v, and alſo the 
Angle v S T = », we ſhall readily determine 

| that of the true Wind, or 88 | 


rw 


4 — WG —2 7 b. "Colm - Hh + 


and Ta = 4 44 Sin. # Wt ns» 
2 ang. b l c 


. » 
£ - PI c; 4 L 4 
7 ; . . 
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It i is proper to remark mY that thoſe wha 
are on Board a Veſſel in Motion, never 


obſerve the true Wind, but always the ap- 
parent Wind, even the Vanes and F lags con- 
ſtantly ſhew this apparent Wind; and the fore- 
mentioned Inſtrument will in the ſame Manner 
only indicate the Velocity of the apparent Wind. 15 
Thus when it is required to determine the Fc orce 
| which the. Wind exerts upon the Sails of a Veſſel, 
we have only to obſerve on Board both its Direc- 
tion and Ab ar l2 and we ſhall then have the 


8 


| Inge upon. ** Sails as.if 5444 were at Reſt, "1 
then by Means of the Formulas before given — 
the Force itſelf will be known. This difference 
between the true and apparent Wind will ex- 
plain a Phenomenon which often appears to us 
very Paradoxical: It is, that two Veſſels which 


paſs each other at Sea obſerve different Winds, — : 


 altho? the true Wind blows equally upon both. 
For let ST repreſent the Direction and Velocity plate 1. 
of one of theſe Veſſels, and 8. I' the Direction Fig: 3. 
and Velocity of the other, at the ſame time that 
both are ſtruck by the ſame true Wind V8 

or VS., then having drawn the Diagonals v8 

and v/ S', the Vanes of the firſt Veſſel will-ſhew 

the Wind ; in the Direction v8, and thoſe of the 


other in that of v8, and theſe Directions may TR 


often differ from each other by ſeveral Points. 


* * 
wt ; - 


Upon the Maſts, and upon the Form | of the Fore 
Par. ſs aVe A Wee to ihe Aer f the ball. 


1 


TT is not ink worn to enter into a \ Detail 1 CHAP. 

all the Particulars which relate to the Maſts II. 
2 a Ve or the Manner in which they carry * 
| the 


- n * £7 k 
3 A Vo oe HU TELLS $f 7 
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- 4.0, — = - = ge e 
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eng. the als; it will be ſufficient fer * 


to remark that the whole Space above the Veſſel 


— is filled with Sails as much as poſſible, in order 
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to obtain from every Wind all the Efforts ca- 
pable of giving Motion to the Veſſel. Wich 
this View Mafts' are "eſtabliſhed to receive 
Bails through their Whole Height, and as much 
Breadth is given to them as the Size of the 

Veſſel will admit of. Often alſo Sails are uſed. 

between the Maſts, and both towards the Head 
and Stern of the Veſſel, in order to increaſe as 
much as poffible the Surfaces upon which the 
Wind may exert its Efforts. But Whatever the 
Number of Maſts may be, and however great 
che Number of Sails, we may always conceive 
one Sail only, ſuch, that being ſtruck by the 
Wind, it would produce the ſame Effect as all 
the Sails taken together; by which means the 
Queſtion is reduced to determine both the Size 
of rhis Equivalent Sail, 2 che Place of its 
Ss. 


C'S 


ſerve that the Surface 
of this e Sail [wa be equal to the 
Sum of all the Actual Sails together; and we 
call conſider the whole as Planes parallel to 
each other, as there is no reaſon why we ought 

to ſet the Sails differently with reſpect to the 


914 | an | 
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Wind; beſides Navigation conſtantly whulres 0 CHAP, 
that every Sail be equally expoſed to the Wind, II. 
except ſome ſmall ones which in particular 
Caſes may be required to aid the Action of the 
Rudder. Thus our Equivalent Sail will be 
always parallel to the Actual Sails, and its Sur- 
face equal to the Sum of all their Surfaces 
together: however, it is ſtill neceſſary to ob- 
ſerve, that we muſt only add together ſuch Sails 
as are actually ſtruck by the Wind, and that 
we muſt exclude all thoſe upon which the Wind 
cannot freely blow; in conſequence of its being 
already intercepted by thoſe Sails which are more 
Aft; and the Diſpoſition of the Sails with reſpe& 
to the Direction of the Wind, will readily ſhew 
us ſuch as may be uſefully employed : For Ex- 
ample, if the Veſſel runs before the Wind the 
Sails upon the Mizzen Maſt would receive the 
full Action of the Wind, whilſt thoſe upon the 


Main and Fore Maſts would only be partially | 
elfected 125 it. 


A 11. 


1 eftabliſhed the Tdea of a an | Eaquivaledt | 
Salt! and its Extent,” and ſince all the Force 
which it would receive from the Action of the 
Wind muſt always paſs through the Center of 
Gravity of its Surface, and de zerpendicular 
thereto; this Point myſt without doubt be of the 


272 


CHAP. laſt nn * it is that which the late Ty 
II. Mr. Bouguer has named the Centre Veligue, and 
is therefore the ſame as the Center of Gravity of 
| the Equivalent Sail, conſequently the Mean Di- 
rection of all the Forces with which the Wind 
acts, muſt paſs through this Point. It is there- 
fore very eſſential to know exactly the Place of this 
Tentre Velique: And at firſt it is evident, that 
this Center muſt, be ſituated ſomewhere in the 
Continuation of the Diametrical Plane of the 
Veſſel, ſinee commonly all the Sails are equallß 
divided by this Section; hence the Determi- 
nation of this Point muſt depend upon its Eleva- 
tion above the Veſſel, or rather above the. Level 
of the Sea, and upon the Place where a Perpen- 
dicular let fall from it, would interſect the Prin- 
cipal Axe of the Veſſel. But we have already 
demonſtrated in the preceding Book, that this 
- Point muſt be ſituated nearer. io the Hed than 
fi Stern of the Ys: + edt 4463 bas nt 


F 12. 

'T M Situation and Dirhenſion of each of the 
Actual Sails being known, we may from the 
Principles of Staticks determine the true Place 
of the Centre Velique. For, let the Surface of 
any Sail whatever be ſuppoſed K, and the 
Elevation of its Center of Gravity above the 
_ 2 1 which 3 is an Perpendicular drawn from 

| this 


22 and Praperlie of Veſſeb. "+ 0 
this Point to the Surface of the Sea, | alſo CHAP: 

_ ſuppoſe the Diſtance of this Line from the Stern . 

to be S Iz then if each of the other Sails be 
reſpectively denoted, by K,, V, T; K, ,, 
K“, V, 1”, &c. reſpectively, the Height of the 
Centre Velique will be equal a 
K b b + K Þ + K” 1 ; 2 5 K“ V. Þ K* 2 4 Kr. 
"Toh +K+K+ K” + * + Kc. FUE 
ad the Diſtance of this Point from the Stern of 

| the Veſſel will alſo be equal to þ - 


EIA KF KP + Kb + K 1 . 
K+KKE+K+K'+ Ne. 
We ſee evidently that the Height of the Cen- 
tre Velique muſt principally depend upon the 
Height of the Maſts, which we cannot increaſe 
beyond certain Limits, and that theſe Limits 
muſt depend both upon the Size of the Veſſel and 
its Deſtination : But ſince the more elevated Sails 
are commonly much leſs than the lower ones, it is 
evident that the Centre Velique will not fall in the 
Mean Height which the Sails occupy, but always : 
ſomething lower. Hence it is eaſy to compre- 
hend how the Actual Sails ought to be diſpoſed, 
in order that the Centre Velique may fall in a 
given Point; and therefore we ſhall always con- 
ſider both the Place of the Centre Velique, and 
the Size of the Equivalent Sail as given, in order 
to determine all the Rules which may conduce 
e e e be eee 


174 caſrugion and Prog of 7 dels. 


N to rende the Managament K Vall kw. 


Plate I. let us now A the TER Section 
Fig 4. of any Veſſel to be repreſented by Fig. 42 where 
the Line A B expreſſes the Water Line o or great 
Axe of the Body, the Line L. E H the Keel, the 
Point G the Center of Gravity of the Veſſel, 1 
and the Point W the Centre Velique, more ele- 
vated than G by the Interval W's, and more 
er advanced towards the Head by the Space G $ 
p- or Ff. Then ſince the Force of the Wind 
muſt always paſs through the Centre Velique W, 
and becauſe the Surface of the Equivalent Sail is 
commonly as great as Circumſtances, will permit, 
, there, muſt in conſequence. reſult à very great 
Momentum of Force tending to produce an In- 
, clination in the Veſſel, which will be ſo much the 
greater as the Centre Velique is more elevated 
above the Center of Gravity G. In direct 
Courſes where we are able to employ the whole 
Force of the Wind, this Momentum will give 
the Veſſel an Inclination towards the Head; ang 
altho? the. Stability with reſpect to this Inclina- 
tion is che greateſt, yet the Motion of the Vel- 
ſel will always be conſiderably affected by it. 
In order to remedy this Inconvenience, it is 
therefore neceſſary chat the Reſiſtance of the 
Fore Part of the Veſſel ſhould furniſh a like 
. Mo- 


1 


8 of 1 in an rede Direſtion, © 
which will happen when the mean Ditection of 1 
the Relifhance, paſſes, through, the Centre Ve 
lique W. For ſuppoſe. WR to be the Force of the 
Reſiſtance, and that we reſolve it into to others, 
af mhich W is Horizontal, and W-a Vertical; 
te former muſk evidently: be. entirely. deſtroyed 
by the, Wind, and conſequently there will no 
longer reſult any Momentum for to inclive the 
Voſſel: But the Vertical Force W 4 will even 
: produce a double good Effect, by lifting the Veſ- 
fel and diminiſhing. its Weight; therefore the 
| Depth of the Body muſt. likewiſe be diminiſhed 
by it, and as this Force is applied before the 
Center of Gravity G, it muſt, alſo tend to 
elevate the Fore Part of the Veſſel : by which 
Means if the Centre Velique was even more ele: 
vated; there would not be any thing to appre- 
hend from it. Hence we ſee that this good Ef- 
fect might be ſtill inereaſed by Weng the Sails 
themſel ves ſome ſmall Inglination; to the Hori- 
on, in order that the Force of the n may 
act R upwardz. 5 


N 0 


8 14. 
ſhe the Mean Dite&tion of als Refiftatice' 
would always infallibiy paſs through the Centre 
Velique W, if che Surface of the Fore Part of 
the Veſſel was a Portion of a Sphere deſcribed 


"ow the Center * wih she Radius . 5 
ata A: 


tions upon the Surface of the Fore Part would 


” then" p46 through the ſatne Point W, all the 


Elementary Efforts of the Water would there: 
fore be te- united in the fame Point, and conſe - 
quently alſo their Mean Direction would be 
WX: and this muſt equally happen both in 
Direct as well as Oblique Coufſes, becauſe the 
ſame Portion of the Sphere would ſtill receive the 

| Shock of the Water. However altho other Cir- 
cumſtances will not allow ſuch a Conſtruction for 
the Fore Part of a Veſſel, it will till be always 
very advantageous that the Rake of the Stem 
itfelf H A be an Arc of a Circle deſcribed from 
the Centre Velique W. From whence we ſhall 
be furniſhed with a very eaſy Rule for to give 
to the Stem H A the moſt proper Form from 
the Keel H to the Extremity of the Body A: 
Wich reſpe& to the Portion above the Water, 
it will be always neceſſary to give it a Direction 
nearly Vertical, in order that the Waves of the 
Sea may in Tempeſtuous Weather have the 
leſs Power to * the Veſſel. . 


With aher to Diet Gee we hight 
obtain tie ſame Advantages, provided the Fore 
Part of the Veſſel had the Figure of a round 


Song, generated by the „** of ſome Figure 
about 
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about the Pen W, or rather, round a horizontal cy Ap. 


Axe paſſing through this Point and parallel to II. 
the tranſverſe Axe of the Veſſel. Therefore in 


order to give to the Fore Part of the Veſſel 0 
ſuch a Form, ſuppoſe. the Veſſel to be cut by a 
Plane, paſſing through the Point Wand the Ex- 
tremity H of the Keel, and parallel to the tranſ- 
verſe Axe of the Veſſel, then this Section being 
turned round the ſaid Axe conceived at W, will 
deſcribe the true Figure of the entire Fore part of 

the Veſſel, or at leaſt of all that Part which is 
below the Surface of the Water; for in reſpect 

to the Part above the Water, we may give it 

ee 


| Altho? ſuch a 5 is properly por 
to. direct Courſes only, we may ſtill derive 
from it very great Advantages in Oblique 
Courſes, notwithſtanding the Momentum to 

| incline . the Veſſel be not entirely. deſtroyed z 
| as there will remain but a very ſmall Partion to 
give it an Inclination on one Side; and even 
this Momentum which reſults from the Force of 
the Wind inclining the Veſſel to Leeward, will 
be ſo much the leſs conſiderable, the more the 
Wind ſtrikes it obliquely, which will conſtantly 
happen when the Veſſel is upon a Wind, How- 
ever, it is always of the laſt Importance to aug- 
ment as much as poſſible the Stability of Veſſels 
N | with | 


: — — 
"% 
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CHAP. with reſpect to their great Axe, and we have 


+ 
2 
* . 5 * 
* 
, 4 


; Plate I. 
F ig. 4+» 


II. Already ſhewn how this End is to be attained in 
\ the molt eaſy Manner, by increaſing the Breadth 


of the Body with reſpect to the Draught of Wa- 
ter; the Lengthening of Veſſels may alſo con- 
tribute much to it, ſeeing that we may gain ſome 1 
f Diminution in the Depth of the Body, becauſe | 

the whole Weight of the Veſſel is ſuppoſed to re- 


main the ſame, or to receive a lels Increaſe 


chan che Length. 


5 17. | 
"| he Nas which we have juſt given, 


7 for the Rake of the Stem is ſo ſimple and ſo 


eaſy to execute, that we can deſire nothing 


further. However, it will be proper to add 
ſome Rules by which we may determine the Pro- 
jection and Obliquity of that part of the Stem 
which is below the Water. For this Purpoſe let 


us ſuppoſe as before, the Length of the Body 
AB S a, the Breadth = 5, and the Depth or 
Draught of Water E F = e: Alfo ſuppoſe the 
Elevation of the Centre Velique W above the 
Surface of the Water, or W/ = h; then we 


have feet! that it is neceſſary to take the Inter- 
val KS 2 = = a, therefore Ff= — 9 by ſop- 


poſing the Point F to be i in the Middle of Axe | 


A oe TER? we (hall AI =: b. 


cube ou Propenties of veſel. 


179 


and E 6 5 45 n the.  Right-angled Tri- * 


angle AW Fives AW? 234 +0), which 


is equal to the Square of the Line W H, and by 
taking from this the Square of the Height | 


We bt web 2 be hr "we {I 


frous whine we hog the Extremity H of Ol | 
Keel, or the Beginning of the Stem H A; and | 


by SO this Interval from the demi Axe 


AF= P a, we ſhall obtain the Projection of 


the Stem as far as the Water Line, or 


Ab . 4 bee 


3 


| $ 18. | 
Let us now apply this Expreſſion to the dif- 
ferent Species of Veſſels which are at preſent in 
Uſe: And at firſt it ſeems that we may put in 
general W for þ = 4 e, and the whole Heighth 


We 2 ß e, ſince a ſmall Difference in this 
Element is not of any Conſequence ; afterwards 


we ſhall ſuppoſe the Breadth 5 = — e as the 
N 2 Stability 


» 
5 
* 


- CHAP. 
II. 


— 


| Cofirdto and 2 of * 


Stability requires, and a=nd= = 7 L where 
the Number ropelitcs the diffrent Species 


of Veſſel. This being determined the Projec- 
tion of the Stem will then become | 


«8 


AS eV —9 


By TS garefore: for z the Nambers. 


3 3 4, 4D> 1 5 >» and 6 Werk. 


ſively, we ſhall VE for fs ſeven Species of 
Veſſel * nn ne of the dem. N 


1. If 
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i If a T2 we c ſhall have wig i CS 


( 
; a — 95 ce oz : 2 4. « * 
\ 4 : . : - 4 ; . - 
. 6 * \ N , 


u. 1 35 3, we ſhall "WE; 
5 A e 3» 3 . =\}; 691 000 


UI. 4 2 4 3, we ſhall have. 


.Ad= -46—V7=1, 3556 and 
10 6. 


IV. Ifa=4— 8, we hall have 
Ab= : 4456 —eVTE,23=1,146e, and 


2 11e. 
I 


V. 1 1 5 den heve | 
AA, see Vid e d 


* 
a= 12 A” E. 
VI. Ifa = _= 5% 7b we ſhall have 
A 5,5 .. 25 2 =0 $891 6 and 


Such 


vII. If a = 655 we ſhall have 
Ab=6emeVij=0, B12 6, 0 


ST 196 
| N 3 Hence 
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4 


EtA'Þ®. 
II. 
—— —— 


c —— * n of 2 


Hence we ſee chat the more a Veſſel 1 in⸗ 
creaſed in Length, the leſs '6ught to be che Pro- 
jection of the Stem, unleſs we are deſirous of 


a increaſing the Height of the Centre Velique ba 


Plate II, 
Fig. 5. 


at the fame Tine. 


„ BM 


Upon the Motion of Veſſels in their Dire Courſes. 


F 19. 


N wie that 2a Veſſel may continue in its 
proper Courſe, it 1s neceſſary that, the mov- 


ing Force ſhould act according to the ſame 


Direction, and therefore all the Sails ought to be 
diſpoſed in ſuch a Manner as to have their Planes 
perpendicular to the principal Axe of the Veſſel, 


by this Means the Directions of the Forces 
which they receive from the Wind will be all 


parallel to the ſame Axe. Suppoſe therefore 
AB to be the great Axe of the Veſſel, A the 


Head, and B the Stern, and that the Line 8 Fs 


perpendicular to this Axe repreſents the Equiva- 
lent Sail, whoſe Surface ſuppoſe = f*. Now 
the Veſſel in this Situation will be put in Motion 
according to its proper Direction BA, whenever 
ES: . . the 
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the Wind acts upon the Aft Part of the Sail 8 F , CHAP, 


which will always happen when the DireCtion of 
the Wind V F makes an Acute An le on either 


Side, For it is evident that as ſoon as the 
Angle B F V becomes a right one, the Sail will 


no longer be affected by the Wind, and if the 
Wind ſhould come before the Beam and ſtrike 
the Fore Part of the Sail in a Direction UF, 


| the Veſſel would then be urged Stern Forte. 


, 
$f 20. 
Let us at firſt ſuppoſe the Angle B F V to 


vaniſh, or that the Veſſel goes before the Wind, | 


the true Velocity of which is S c; and let us 


alſo ſuppoſe that the Veſſel has already acquired 


a Velocity = v in the Direction B A itſelf: 


Therefore ſince the Sail S F 5 has the ſame Mo- 
tion, it can only be ſtruck by the Wind with | 
the Exceſs of its Velocity above that of the 


Veſſel, ar rather the apparent Velocity will be 
Sc v, and the Direction being perpendicu- 
lar to the Sail, the Force which will reſult there- 
from will be equal to the Weight of a Maſs of 
Water, whoſe Volume is equal to f 


18 


and . which the Motion ol the Veſſel would 
be accelerated if it did not meet with any Re- 
banes. - 3 | 


yaa 8 


/ 


IE. 


W + i8-» . 


HAP. 
III. 
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We ſhall now ſuppoſe that the Veſſel meets the 
lime Reſiſtance from the Water which a Plane 
Surface = 7* would experience by moving 
in a direct Manner therein, with the ſame Ve- 


| locity v, from whence there would reſult a 


Reſiſtance = 1 . It is then evident Gat 


48 
if the acting Force was greater than this Reſiſt- 


ance the Motion would be accelerated, and if it 


was leſs, the Motion would be retarded. There- 
fore in order that the Veſſel ſhould run before the 


Wind with an uniform Velocity, it is neceſſary 
that the acting Force be equal to che Reliſtance ; 3 


hence ariſes this ee 


. + ==. * PP: 
800 48 42 


or, 7 — v. = or. \V 800 . 


from whence we find the Velocity | of the Veſſel = 


© f+r.y/#00 \ 
ſo that in the Caſe we have juſt conſidered, the 
Veſſel will receive a Velocity which will be 


always much leſs than the Velocity of the Wind 


e, but let us now ſee what the. Surface of the 


Sails ought to be, in order that the Veſſel may 
I 
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acquire either one half, one third, or hes SO CHAP, | 
Part of the Velocity 0 che Wind. — 


- 


Suppoſe Iſt, 85 — T: . we mall then have 


. RE Vos and 7 = $00 18 but if 
VETS we then have f S r 0 . and 


5 A — — =. 1 — n — n IC ue — 
r . RS 
— £ =» => - L — - >” = — — 
. BEE . Ee I Dat = 
- 2 : = xl — 


(EL 
EE — 


NN nhl : 


— ot 
En 


— 
HY 


has. — 
TIS © Sv x — 
_ * * - 


7. =200.7*; and if v = e veſhall hen | 


— 27 


have 7 8 5 V and 7 — 252 ; 75 


4 
15 
1 if 
i Wl 
N +l 
j 


_ 88 1 Tt z-alſo if we required a Velocity 


ti 


; * =2 c, we ſhould 1 find f = 2 7 1 


and 5 3200 .r* ; hence it is evident, that 
as ſoon as we have 5 a certain degree of Ve- 
locity, it will then be uſeleſs to increaſe the _ 
Size of the Sails in order to obtain a Velocity : 
which is more conſiderable. - i 


9 22. 
But let us now conſider any Wind whatever 
which blows in the Direction V F, with the true 
Velocity = c, under the Obliquity B F V= 0, 
and ſuppoſe the Velocity of the Veſſel to be = v. 
In order to find the apparent Velocity of the 
Wind, let us alſo ſuppoſe the Right Line V F 
to repreſent the Velocity c, and that we take 
FT =v, then by compleating the Parallelo- Plate IT. 
gram VF T v, the Diagonal v F will repreſent Fig - ©: 
5 e hs 


_ _— l CS — — — 
5 > - > Sdn — — — _ _ — —— — - — — — = 2 
. —_ a * — — — — © ramp —— — = 4% Rage * — I - — — — 2 —rðs—— — 
. . thao — a , 4 —— — — — — — — — — — Rar} eg — —— — — 8 : pm TE" = = 
„„ . CARE YRCRRR__RSTI.C,, x, r ————— RURos —— —ů —— : 2 ; 
* . l g : Ir ops te i retract RE ERA er 9 n r 8 9 8 
4 ” 


* 
J 8 6 2 
F To 4 


CHAP. the a 
I. 
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pparent Wind which acts upon the Sail. 5 
Bot we bare ſeen before thas when the Angle 
1 FV S I = 0, we ſhall have 


ir = vs py TR >" WIPED : 


and fince the Angle FT == and To VF = 


by letting fall the nn vu upon T F 
we ſhall have 
vu = „ Sin. b, e Coſ. 9 


5 and therefore F 1 . Coſ. 9x, hence we 


Plate . 8 
| Fig. To 


and conſequently 


find 


Wy . „ TY 44 
Tang. B F Fu . Col. U - 


0. Sin. 6 


Sin. B F vr = — — and 


. —2 v. col 


Col. P eee 
. —2CV. Col. 0 T = 


$ 23; 
Suppole v V to repreſent the apparent Wind 


with which the Sail is actually ſtruck, then lince 


its Velocity has been found 


vF=y c* —2CV. cot ee * 
and the Coſine of the Angle 


B F 


/ 


BFo=—= — 


Vi —2cv. - Col. F 


this Colin will be the Sine of Incidence, or the Toe 


of the Angle v F S, which being multiplied by 
the Velocity will give a Product c . Coſ. 0 — y 


whoſe Square divided by 4 g muſt be ſtill mul- 


tiplied by the Surface of the Sails = Fand 
divided by 800 in order to obtain the acting 
F orce which will therefore be * to 


3 c el 7 
„„ 


. 


{| 


48 
as before, we then find 


5 720 Col. 0 
F e 
From hence we ſee that this Expreſſion does 
not differ from the preceding one, except that 


in place of c we have here . Coſ. ; which a 
little Conſideration would have made manifeſt at 


firſt: For the true Wind V F being reſolved 
into the Directions FB and FS; it is evident 


that the firſt which is oh Cof. h muſt be dimi- 


niſhed by the Velocity v of the Veſſel; there- 
fore the Velocity v of the Veſſel is always not 


only much leſs than the Velocity c of the 


Wind itſelf, bur {till leſs than . Coſ. 0. 


which Lein equal to the Reſiſtance 12 5 . 


ER 


RES HR — — EE ESRD EE 
OE n 1 as = * 8 —— = 2 Ber OS 
— PPTP ro. ene” Foy 5 — i320 Chen nn Se > 
SS r nn En —— 7. ne tr ner | 
— . 2 = : . 


it 
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8 24. 
From what has been Genre it appears that 
4 the more the Obliquity of the Wind or the Angle 
B F V approaches to a right Angle; the les will 
the Velocity of the Veſſel become, and that in the 
Ratio of the Coſine of this Angle. But it is very 
neceſſary to remark that we here ſuppoſe the 
Quantity f *, or the Surface of all the Sails 


ſtruck by the Wind to remain the ſame. How-. 
ever upon this Occaſion we meet with a great 


Paradox, viz. that an Oblique Wind will com- 
municate a greater Velocity to the Veſſel than a 
Direct Wind in the Direction B F: But this 
happens when the Veſſel contains ſeveral Maſts 
furniſhed with Sails ; for then it is evident 
when the Wind blows in the Direction B F, it 
can only ſtrike upon the Sails of the Maſt next 
the Stern, by this Means thoſe belonging to the 
 Maſts which are more Forward will become 
entirely uſeleſs : But when the Wind has any 
Obliquity it will then ſtrike thoſe Sails which 
are Forward either entirely or in part; from 

whence it is eaſy to conceive that the Diminution 
cauſed by the Obliquity, may be amply recom- 

penſed by the greater Number of Sails put into 
Action: Therefore it becomes neceſſary i in this 
Caſe always to give to the Quantity f its juſt 
Value, by eſtimating the whole Surface which 

is actually ſtruck by the Wind, and thus the more 
C the 
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the Obliquity increaſes the more alſo. will the CHAP.” 


Value of f * be augmented according to Circum- III. 


ſtances, which the Number of Maſts and their 
Diſtances from each other will eaſily ſhew us. 


812. „ 40 | = tht 1280801 | 
Aker dus en Expoſition let us mY 
the Application to the different Species of Veſ- 
ſels now in Uſe, and let us ſuppoſe as hereto- 
fore, the Length of the Body A B = &, che 
| Breadth = þ and the Depth = e; then we have 
ſeen that the Value of 7* which repreſents the 
Area of a Plane Surface that would experience 
the ſame Reſiſtance in the Water as our Veſld 
actually meets with, is nearly (ſee F 33 Book 2d) 


„ 23 | 
And with reſpedt t to the Sails we ſhall as hereto- 
fore ſuppoſe the Height of the Centre 2 8 | 
above the Surface of the Water to be= 4e; 
from which it is neceſſary to deduct the 
Diſtance e nearly in order to have its Elevation 
above the upper Deck, this Elevation will there- 
fore be = 3 e, and the Height of the Sails will 
be nearly = 6 e, but fince the Breadth of the 
Sails is regulated by the Breadth of the Veſſel, 
we may ſuppoſe the Surface of the Sails of one 
Maſt to be S 63 e; alſo becauſe in general 
we 


* 


= Cnfrnio * Properties ef . 


8 * we have = = , 3, this Surface will be E — 4 2 2. 


OS: 
—— But as it is neceſſary to. make an Allowance for 


the Curvature of the Sails by which the Action 
of the Wind is leſſened, we ſhall only ſuppoſe the 
«* Surface of the Sails for one Maſt to be = 2 5*_ 
and therefore for the three principal Maſts we- 
= ' ſhall have a Surface = 6 5. Hence it is evi- 
| dent, that when the Ship runs before the Wind, 
| we cannot eſtimate the Value of F:. at more 
than 2 b, but when the Wind acts obliquely, 
this Value may be increaſed to 6 b*, We ſhall 

| therefore SE? in Seen F. SA. 


r 26. CY 
i Having therefore 5 8 Fe * and 
F 50k 2 
| „ a + 26? 


If we fulbſtirure: theſes Values i in the Expreſſion 
found ($ 23) for the Velocity v of the Veſſel; 
when the Wind blows in the Direction VF with 
a Velocity = c, its e B F. V 2 — : 6, 
we ſhall then 55 3 


| Opinion and Properts er of Yi 
„ * 


* 


6, 80 | | 
INE ONE 
dar Vi +23* 


but i it is er to remark that the Number 


@ may increaſe from 2 to 6, and as 2 is 
always much greater than 2 57, then becauſe 


this Reſearch is not ſuſceptible of Preciſion, ' we 


may boldly ſuppole e 7 


* 


— 40 . Col. 9. . 


8 VL V 


Fro rom whence we conclude that when the Wind J 


is right Aft or 0 = 5 and & = , WR ſhall 


have 

We” ES AE 
a+by 240 240 Sag 2a ＋ 375 | 
This Expreſſion will furniſh us with the "IR 


v = 


ing Velocities for the ſeven principal Species of 


Veſſel, which the Wind acting with a een 


c will communicate to them. 


—_ | * a 4 
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Conftrution and Properties of Veſſels; . 
I. If 2 2 we ſhall have v — = "of 


4 | 
4 


n peat a 
; > e 2 & 3 | — = 75 | ' I . 3 » I j yy N c * - — 3 4 4K : _ . ; a 
r een its 


„ 
v5 e r 
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$ 27. 
But din VR Wind has any Obliquiry 6 
BFV b, in order to find the Velocity of the 


Veſſel, it is neceſſary not only to multiply the 


Velocity of the Wind c by the Coſine of b, but 
alſo to give to the Letter a a greater Value than 2 
becauſe a greater Surface of Sail will then be 


acted upon by the Wind: from whence it is ob- 
vious that an Oblique Wind may communicate 
to the Veſſel a greater degree of Velocity than 


one which is Pirect, and it will be ealy to 


we may always obtain a greater Advantage by 


aſſign the Velocity of the Veſſel in all Caſes: 


Alſo when the Wind has a ſmall Obliquity, 


the 


the choice of ſome Qulicer 9 ht by 1 

applying the Formulas which have been already R E. 

delivered, we ſhall be able to reſolve che fol- 

lowing Queſtion, which is without douht of the 

greateſt Importance in the Art of Navigation. 

Tie Direction of the' Wind and that of be 

_ * Courſe which a Veſſe} maſt follow being given, 0 

find the Diſpoſition of | the Sails, in order that the A | 

* na receive the greateſs Velocity poſſible. 
But bofore the Solution of this Problem is 

"given, i it is neceſſaty to detail in a more parti- 

cular Manner mo: FOO. that ps; 40 hae 


"Oi" Soares. 
Upon the Motion f 4 2 in en — 
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communicated in the Direction of the great Axe; 
and thar conſtantly happens when weste st 
Set perpendicular to that Axe. The Principal 
Axe of a Veſſel being therefore tepreſented by 
the Line A B, let thet Line S F s be the Direc- Plate IT, 
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Direction makes with AB to Windward, alſo ſup- 
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the Sail $5, then becauſe the acting Force will be 


always impreſſed in the Direction of the Line FI 
perpendicular to the Sail, therefore ſince the 


Angle SF J is a Right one, we ſhall have the 
Angle A F I 90 - which. is the ſame 
as we have heretofore expreſſed by the Letter , 


_ -where- we have aſſigned the Direction of 


Motion F X itſelf, the Lee- way of the Veſſel 
AF X being repreſented by the Letter p; thus 
it is neceſſary to repeat both the Relation be- 
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which muſt be equal to the acting Force, ſince 


the Motion of the Veſſel is uniform. In order 
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By means of theſs two Tables we are gel to 


determine the Courſe of a Ship for every Ob- 
liquity A FS , of its Sails, and for each 


Species of Veſſel when the Wind V F acts upon 
the Aft Part of the Sails S B s: For the firſt 


ue of Expreſſion . 
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But 2 we are babe to diſtinguiſh the 
true Wind when a Veſſel is under Way, and 
as all our Obſervations then only makes the 


apparent Wind known to us, or that which 


immediately enters into the Expreſſion for the 


acting Force: the Reduction therefore which 


be expreſſed by 3 TE 


we have given in the, preceding Article, will 
in part become uſeleſs, and the Velocity of the 


Veſſel may be determined in a much more eaſy 
Manner, For if the Line VF =c ſhould now 


denote the Velocity of the apparent Wind, 


whoſe Arigle of Incidence VF S is ſuppoſed 
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. compare the Direction of the Wind 
* F, with the Courſe. of the Veſſel F X, it 
is at firſt evident that the Angle VF X muſt 
be greater than the Angle S FX ST. 
But if we conſider the firſt Table we ſhall ſee 
that the Sum of the two Angles 1, @, in de- | 
ſcending, becomes leſs and leſs to a certain 
Point, beyond which this Sum begins again to 
increaſe, It is is therefore very important to 
know the Diſpoſition of the Sails, where the 
Sum of » + @ or the Angle 8 F X will be 
the leaſt, ſince by giving to the Obliquity of 
the Wind VF S = g the leaſt Value in which 
the Wind can ftill act upon the Sail, we ſhall : 

have the Caſe where the Angle V F X will be : 

| the leaſt; and therefore in this Caſe the Courſe 
of the Veſſel F X will approach the Direction 

of the Wind F V as near as poſſible, or rather 

the Veſſel will advance to Windward as much 
as poſſible: The Veſſel is then ſaid to go Cloſe 
Hauled, and we regard this Quality of lying 
near the Wind as a very excellent Property in 

Veſſels; it depends principally upon the Species 

of Veſſel, and we have already remarked, that 

OY in Proportion as the Length of a Veſſel exceeds 

FW. the Breadth, the better it is calculated to Ply to 

"> a Windward, or to go Cloſe Hauled. Therefore 
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Canſtruclion ang Properties of Veſſels. 


From hence we ſee that by taking the Angle | 
n = 15* we ſhall loſe in the Angle of Cloſe . 
OY Hauling a few Minutes only in the firſt Species, 

and but two Degrees in that of the laft ; which 

Difference would not be ſenſible in Practice. 
Mr. Euler being informed that his. Thcorie 
complette de la Canſtructian et de la Manæuvre 
de Vaiſſeaux was Tranſlating into Engliſn, has 
taken the trouble of communicating the follow- 
ing Elucidations and neceſſary Additions to that 
Work, which at the Time of Publication did 
not occur to him. 


In ſearchipg the ben between the Angle 
of the Obliquity of the Courſe 9, and that of the 


acting Farce . we have found (v 355 Book II) 


this Equality, Tang. "NB Ir 755 by 1 25 9, 


which by fappoting 32”. = = Tang. | * in be 


| changed into Tang. & Tang. L= = Tang. 0» 

and it being propoſed to find in what Caſe 
the Difference of the | Angles 4 and @ will 
become the greateſt ; we fee this will happen 
| when 2 Sin. 2 / = Sin, 2 @, or 2 Sin. J. Col. þ 
'= Sin. G. Col. o. By combining this Equa- 

tion with that propoſed, or Tang. « . Tang. 4 


2 ang. * we ba obtain the following 
one. 


Col. 4. Sin. 9 — | Sins; 4. Cote. Sin. g. Cel. .-. Sin. 4 Coſ. g 
which Nerf pertecthy with ap Equation of the 
| e 


 Conftenflign gud Properties of, Pot a 


fp NETS found. at 5 31 Book II II. 15 Solu- * | 
tian of hich appeared more difficult at firſt View IV. 

than it really 1 8 as gl following eee . 

evince. F 


"Ip me. W 2 1 — "oy — _ 3 


and Col. * . 2 er. 2 75 : . allo 


* * have — 
ae 


v4 


Sue: Co. «.Sin. 9. Col. 7 So. 2 2 *. e 


buy ſubſtituting theſe FI 1 reſpective Values 
We, ſhall have this 3 1 


cker -Col „ITC. 27 Sin. a. Dh 280 2 Sin.29=6 
Which will be reduced to 
Coſ. 2 9 eee eee 0 
and by putting 20 A & and 2 8 the Equation 
will be more commodiouſly expreſſed by 5 
+ Col. C*—2 Col. &. Col. B—2 Sin. g. Sin, & £70 
In order to reſolve this Equation we ſhall ſuppoſe 
it to be compoſed, of theſe two following ones 
TY Col. S ＋ N. Sin. 2422 =o, and 
5 Coſ. Sin. & E o, N 
from whence by aa bi them 4ogether we 
have 
o. -“. Sin. C . cot 12 
; or rather 7 | 
pm, Col. bo N, Col. c n. nl. Sin. N Par — 
: In order that we may compare this, Equation 
4Y with that which we have to reſolve, it is neceſſary 
to multiplygthe propoſed Equation by 1 Tn, 
from whence we ſhall have 


ET | 2 14 


En. Sina =0 


| 
| 
| 
a 


3 cafe, wy Properties of 2 


1 Coſ. [LEY n. Col. £.Col. B—2. II. Sin. g. Sin, £414 
Hence by comparing the homologous Terms 
'we ſhall have theſe Equalities e 


„-l . Col. g; fam LIED di 


and n =1+2m*; from the Firſt _ Second. we ob 


ET Gp + SB andy = r Col. 


therefore 1 my 2 1 1 mn. g . Col. Bi "Sin; EE 


Now by ſubſtituting 1 for m* our 088 will £ be 


= Col. f* — — tene Fes 1 ol. SP 


"which may ſtill be changed! into this 


I Sin. 9. 1. . IL. becauſe Cor h = 


| 1 
5 from which Equation we have Sin. * 7 


and 5 = Sin. To conſe vently | 
oo 
| "BEES 3 8 . | 
2 * == Sin. 2 and ” = = 8 
1 Jin; 97 | VI Sin. 67 7975 


Let us now ſuppoſe that we had ſought the 


Angle y ſuch that Sin. y* was = n. 65 then 
| = 


Sc 1 — Sin, * 
and 6050 thenes we obtain 


Stats e [ging nl Sin. B+ 
i +m * G77 c r 


n will be = = 


= Tang. y " 


Ef - < 


t 


aaa: wa 


Sin. y . > 2] 


Sd Col. 0 — WE 3 | = WL = therefore 


=. Ta Col + TEE in. 


Coli © + . Sin. F f = 0, and 
Col C—m. M 


will be expreſſed | in this er 


Sin. y- "or ** 


Sin. = 7 


col g . Tang h 


co rang «Ys Sin OY 5% or rather 


— 8 Sin. FL 
col. N= Si — a0 Col. & = S , 


but as theſe two Equations cannot at the ſame 


Time furniſh real Values for the Angle &, ſince | 
it would then follow, that this Angle might have 


four real Values; it is therefore neceſſary to exa- 
mine which of theſe two Equations will give two 
real Values for the Angle F; with reſpect to the 
Firſt, it is evident, that it will furniſh real 


Values, becauſe the Sin. 7. Col. , is greater 


than Sin. 7 — 8; that is to fay,, that the 


Sin. . Coſ. is greater than Sin. y . Col, 8 


— Col. y. Sin. Þ. But as we have ſup- 


poſed Sin. * Sin. B, the Coſ. G will be 


=V1—Sin.y* = Col. y. * I. 1FSinq* Tin. y* = 
conſequently the Sin. y —þÞ = Sin. y . Coſ. 3 


— . 63 Col. 7, will be equal to 
P 3 Sin. 


hy | "Sin. G T5, ; 
= Col. y * 


de 5% s Sin. 7 — 8 
e Cop — BE = = Sn. y-Colcp 


hence our two Equations 


= So, and 
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Sin. . Co y. VI Sin“ 7 Sin. Y Sip 


but it is evident, that 1 + Sin. 7, or 1 
* 1 2 Sin. 7 . Sh, 7 55 is greater than 


x VT 1'+ Sin. y "FS, 7+; hence it follows that 


Sin. 7 Coſ. 1 will be greater than 


a "7 TE OO, 21 + 5 e 


Sin. y cot y. * 1 +Sin. y* + Sin, 2 


” — . „ nu 


or rather Sin. y . Co: greater than Sin: — 6, 


Thus we are Tow well aſſured, that the Firſt of 
our Equations' will always give real Values, and 
that the other will only furniſh imaginary ones. 
Now there only remains to find two Values of 


4 by means of 8 . 


- — Fin. 7 = =P. 
col. oy VS Sin. y + Col. y IF 


For this Dare kt us ſuppoſe | 


Sin. 7 *.— 


Sin. J. Col. 7 7 


= Col. Ss and we that have 


Fo y = = + 0 rather & — We, pn = _ 1 therefore 


| S Sers. and 8. — 1 hege it follows | 


har e =={ vill be = 835 and o 


343 W549 


2 K 5 . confojventiignþs = = 51 


Thus all the Opefätiotts upon which the Solu- 
tion of our Problem turns, are reduced to find 
two Angles 7 and 2, the firſt of -which is 
found from the hg Sin. y* = Fin. f 


pos Sin. 2 75 or Sin. 7 : = Sin. 2 d the 


- >> El 


WT WW. 


"a nag Kiadts chaſe” two ade the tivo- "teal 
| Valuesof p would beg S EE and gu 2 


When the Value of @. is. 1 it will . 
be very ly to deduce the 1 ＋ ah the 


mern a, 4 = Sin. 20 But it is not even 


neceſſary to have recourſe to theſe two Equa- 
Ke ſince by means of them we obtain this 
Equality Sin. 2 0 = Sin. 7 — J, the De- 
monſttation of Which is as follows: ene 
Tang. G“ = Tang. 4. Tang. I, and 
Cot. 6 = OG. | ee J. 


Col. » Sol. w_ g | 
the, Coſ. will be = 8 and 
of | Col. = Fi 
Sin. o = W. TY therefore | 
Coſ. 4a — 


Sn, 6: e. S* = 4 Sin. P. Coſ. * vill be 
= * Sig. yh Col. Þ © 


* 5 and confe- 
* 2 ROO" 51 5 9150) 
Sin. 2 4 


* 


: : IT Col. 12 $6) Ms whence v we obtain 


2 Sin. 2 J + 2. Sin 2. Coſ. 2a—2 = Sin. 2 «, 


or 2 Sin 2 J = Sin. 2 « — 2 Sin. 2 J. Coſ. 2 —2 2 —2J 


but becauſe Sin. 2 « — 2 Sin. 2 J. Co. 2 4 — 2. 
= = In. 2«—4+ it follows that 2 Sin. 24 =Sin. 2 © 
7 4 55 ml 
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CHAP. will be Sin. 2 * — 4 J; from this laſt 


_ theſe Rules to the Valuis of the F raftion — — 


Mt Equation we ſhall have'2 « — 4 #224 Yr 
e er ＋— 2 * = ut — — * ry from the firſt 


Equality wefind ==. a — ; and from the 


Second 4= 2 0 +—, - ILY: 


| Although ihe Solution of the propoſed Pro- | 


blem be very ſimple, it may be ſtill neut 


abridged in all Caſes where the Fraction 2 28 


is very ſmall, that is to ay, when the Angle « 
is very ſmall, for in this Caſe the leaſt Value of 
the Angle g, which we have denoted by 0 , will 


become pony cont 1 a, and the correſpond- 


ing Value of 4m a > from whence we ſhall 
4 


find = 2 , e * 


* a —— 125 By making the Application of 
| 
5 


which may be in uſe for the varibus Kinds of 


Veſſel, the fallowing Table has been calculated, 


 ATABLE 


| alſo the Angle SEX = n + 9, which the Sails | 
make with the Conf, F. X, Kit each — 


Conſtrultion and Properties of Veſſels. 
A TABLE Sewing the greateſ Difference be- CHAP.. 
tween the Obliquity of the acting Force A F Y. 27 3 
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A TABLE N the greateſt Difference 50 
_ Fiveen the Obliquity of the ating Force AF I 
33; all the Angle of Leeway AFX=06; 
n N 8 Fx 85 + 9 whith the . 


of Feſt. 


ww 


ution and Properties of Veſſels, 


A FABLE ſorwing. the greateſt Difference be- 


tween the Obliquity of the acting Force AF Y 
e and the Angle of Leeway A F Xi =; 
and alſo the Angle S FX SD $- which the 

Sails make with the Courſe F X, m4 ge . 
* A ys owing ad How $1 
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1. N 


2 CHAP, © 


IV. 


Conftrution and Properties of Veſſels. 
1 is proper to remark that the Angle 6 


1 =90—4l denotes the Obliquity of the Sails, 


and that the foregoing Table may be conſidered 
as a Supplement to thoſe on in J 37 ben II. 


and in F 32 of this Book. 


It will be therefore eaſy to conſtrudt by means 


of this Table, one which expreſſes the Angles 


of Cloſe Hauling; for we have only to add 
to the Angle @ + u juſt found 11. 15, in 


order to have the Angle of Cloſe Hauling, 
ſuppoſing the Obliquity of the Wind to be | 
one Point; and in general the Angle of Cloſe 


' Hauling for each Species of Veſſel will be found 


by adding to the Obliquity of the Wind, the 
Angle „ + , whoſe Values; are exhibited. in 
our Table. WM 1 5 


| Conftruttion and Properties of Veſſels. | 


* : : 
„„ 


ol 2 np ne ee e 


8 34. 


mentioned, in which the greateſt Art of a 
Navigator conſiſts, 


| The Courſe of a V. 0 * the Dire&ion. of 1 
the Wi nd being given, to find the Diſpoſition both 
of the Veſſel itſelf, as well as the Sails, in order 


' that it may run upon the propoſed Courſe with the 
_ greateſt V. elacity poſſible. 


We ſhall here ſuppoſe that the apparent Plate I; | 
Wind i is given, ſince the Obſervations made on Fis 7» . 
board a Veſſel will only ſhew us the apparent 


Wind. Let therefore B F be the Direction of 


the apparent Wind, and its Velocity = c; alſo, 


ſuppoſe the Line FX to repreſent the Courſe 


of the Veſlel, Theſe two Directions being 


given, let us denote the Angle V F X by 
the Letter 3 which is therefore known; and 


| for the unknown 2 which it is ne- 


„ | * 


2 the . V heir if 1 . aalen Con | 


TE RN to give in this Chapter the 
Reſolution of the Problem before- 


a: agua nd Properiionief Sights. 
CHAP. ceſſary to determine, ſuppoſe the Obliquity of 1 
* . the Sails A FS g; from whence we find by 
the fiſt Table ef the. preceding Chapter the Lee- 

way of the Veſſel, or the Angle AFX = o; 
therefore the Angle of Incidence of the Wind 
VFS = will be g = e, from 
theſe Elements we have already found * Ve- 
docity of the Veſſel (fey 31.) 


v=cb, Sin. 9. FE” 


600.@es* 
where the Leer 5 expreſſes the en 


Fin. Ui Sn; 


ends 3 1 = 90 _ ry conſequently to re- 
ſolve our Problem, it is required to find 

the Value of ine Angle: 1 when the "Expreſſion 
2 W . . Vc 
will be the greateſt poſſible; obere it is neceſſary | 
to remember that the Relation between the 

Angles 1 and 1 Frprelled by Gi 


*. 


1 ooh | "$i 3 Col. A == > er E 


Wem ee Lapeedten . 
to the common Methods for determining the 
Maxima and Minima we find this final Equality, 


2 — Tang. n. Tang. ©. 
1 25 
Tang TIF + Tang, Y = Ts 1. Tang. . 


from 


= 
F 
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from whence it is required to derive the Angles » char. 
and o for each propoſed Angle q. But ſince this V. = 2 
would require tions too embarraſſing, ii 
will be better to reverſe the Qyeſtion, and to 1 
ſearch the Angle 9 for all the Angles u and 8. 
In Effect having diſpoſed. all theſe Valyes in 
Aa Table ſimilar to that in the preceding Chapter, 
it will be eaſy to reverſe the Queſtion a ſecond | 

8 Time, and to aſſign for each Angle 8, the 

| Aus ” and LY which will be the Splution of 
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CHAP. A TABLE which ſhews for each Angle AFS 


| wh. Lea — Sn, and for each of the Seven Species of Veſſel; 


the Angle VF X = & comprebended between 
tbe Direction of the * _ "wy * and the _> : 
WOT" 4 3 


Sede of Veſſel. 


PA Gn, 
Key 
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APs: =3 if = 48]e=445 
2 | go? 180*: 0 ts 180%: 0. 180*: L 0 
85 17853076 5075: 41175: 85 
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A TABLE 
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A TAB LE kick Heros for a Angle A FS CHAP. 
= n, and for each of the Seven Species of Veſſel, V. 
the, Angle V F X =' 8, comprebended , be- 
teen the Direction of the Wi nd V F, and the 
1 ute Y the Vaſt F X. 
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2 ſound either to correſpond exactly, or 
to be nearly equal tc to thoſe exhibited 1 in n the "Wag 
going Tables, we may then give to the Angles 
n and © the Values which are there: aligned, 
| becauſe a ſmall Difference in the Angle VFS 
= þ would not effect the greateſt Velocity. 
But if this Angle 9 ſhould deviate conſiderably 
from thoſe in the Tables, it will not be difficult 
to take ſome juſt Mean; this we ſhall explain 
by an Example. Suppoſe the Veſſel to be of be 7. 
the fifth Species, or a = 5 b, and the propoſed " 10. 
Angle VFX S go; then it is evident 
by taking a Mean between the Angles 83: 41” 
and 94* : 38 found. i in the fifth Table, we may 
put a = 33, @ = 8* ands = 6,028, hence it 
will be neceſſary. that we direct the Veſſel with 

| reſpect to the Courſe F X, in ſuch a Manner A 
the Leeway or the Angle A F X may become 
dez and the Sails muſt be ſo dif} ſed'that the 

ö Angle AF S may become = = 39" 3 then 'SFX will + 
be ="41", and therefore the Alt Je of 1 . 
a Y F S = d will be = 49% which n be the moſt 

] advanithy eous Diſpoſition, But if the Velocity 


"8 the fel itself be . ve hve” nk 


WW; - 41 25 38 37 


v e. Sig. b. 4 


. dere 4 b* K capie lle an Süd. er "Mp 
. Sails, 


3 


5 b 
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cugr. Sails, dc we mall ſuppoſe to be 4 ru | 
. let us alſo ſuppoſe the Depth of the Body 2 1 b, 


then becauſe a = deen e = = 43" 
e hs or 46 


N Sin. 49•. * — 865 c * 


N a 4 OF 


"a which it ea that ahi Vidocity of. the : | 
_ Veſſel will be to that of the Wind as 28 1 töůh0 
100: Thus, if the Velocity of the Wind was 
30 Feet in a Second, that of the Veſſel would |} | 
be 8 Feet. This will therefore be the greateſt 

Velocity which this Veſſel could acqu ire "_ 

2008 nen „ . . 


— 2 — — — — 1 . 
5 RITES 5 
e the be Method of Phing fo 22 
„„ 8 41. ee Led. 
enAP. TAVING. already ſeen, that a ; Veſſel may 
X. run ſuch a Courſe as to make with the 


Direction of the Wind an Angle more or leſs 
acute, we readily conceive the Poſſibility « of Di- 
recting the Courſe of a Veſſel in ſuch a Man- 
ner that it may at laſt arrive at a Place directly 
to Windward. For ſuppoſe F be the Place 
from whence , the Veſſel Mee and that 
che 
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the ing blows in the Direction VF, then if F As. 


ſituated immediately to Windward, be the Place - 
which the Veſſel is bound to, it is evident that it 
would be impoſſible to arrive there by the direct 
Courſe F F“; but for this Purpoſe it will be firſt 
neceſſary to run in an oblique Direction for Ex- 
ample, towards the Right in the Direction F X, 
which may be executed by an infinite Number 
-of Ways according as the Angle VF X is more 
or leſs great; and we have ſnewn the Diſpoſi- 
tions neceſſary to make the Veſſel tun with the 
greateſt Velocity poſlible in this Courſe F X. 
Then being arrived at X we change the LE Diſpo- | 
ſition of the Veſſel and go upon the other Tack, 
in order that the Veſſel may now run towards 
the Left, under the ſame Obliquity as before 
with reſpect to the Wind, and the Direction of 
this Courſe X F * will be equally inclined to 
the Direction FV now being arrived at X' we 
may again change the Diſpoſition, ſo that the 
Veſſel may run upon the Courſe X F” ſtill 
equally inclined to the Direction of che Wind: 
From whence we Tee that by ſuch Management 3 
the Veſſel" may at laſt artwe at the Place pro- 
poſed, by making one or more Traverſes as Cir- 
eumſtances may require. Such a Courſe made by 
_ Traverſe Sailing, is called Plying to Windward, 
by which Mariners are able to avail themſelves 
of a Wind even directiy C ntrary to the ex 
tbey wih t to Steer. We 8 in chis Chi 
a . to 


F 


| = 
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CHAP, to ſearch the neceſſary Diſpoſitions, in order that 


VI. 


a Veſſel may run from F to F“ 1 0 
een in the ſhorteſt Time ma Ae 


SLRS e $ 42. i eie 
'k map, at firſt bn ru that it ; mould 15 
proper to eſtabliſh the Angle V F X as ſmall as 


poſſible, provided the Veſſel had ſome way 
through the Water: but it is neceſſary to con- 


ſider, that the more we diminiſh this Angle and 


approach the Limits marked in the ſeven laſt 


Tables of the preceding Chapter, the leſs will 
the Velocity of the Veſſel be; by which it ap- 


pears evidently advantageous to increaſe this 
Angle, in order to obtain a greater Velocity for 
the Veſſel, and that ſhe may advance to Wind- 


ward as quick as poſſible, After this Remark 


it is obvious, that to effect our Purpoſe it will 
be neceſſary to take the Angle V.E Xo 
ſuch, that not only the Velocity v which will 


be communicated to the Veſſel, but alſo that 


which will reſult for the Direction F V ſhould 
become the greateſt poſſible. This Velocity 
being = v. Col. J, it will be neceſſary to ſearch 
the Diſpoſition when the Value of this Ex- |} 
Pen v Oe. J will be the greateſt poſſible. 


Healey 43. 7 

1 eſtabliſned the four Angles " 6s 0 and 
% whoſe Sgnifications have already been ſo often 
explained, 
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ephined the Waben of the Veſſel has Rm Tam 


eh Sin. 1 c. Siu, 5 os * Tol. * 


600/ οẽ⅜ i) 7 5; WF 77 Sing? 
Ir. is therefore neceſſary that this Expreſiion, 


multiplied by the Co. 9, ſhould be a Maximum; 


by omitting the known Factor c b. Fd Wr it 


is evident that Sin. 0. cot q - 
433 . | - 


2 3 


ISS - IE 


| _ e n muſt be a Maxi- 
mum. Here it is neceſſary to femark that the 
Angle 9 is already determined by the Angle »; 
| And that the Angle 0 being known, we have 
alſo = = ANN e, ſo that we have here but 
two indeterminate Angles » and 9, therefore we 
muſt find theſe two Angles j and ij ſuch that the 
above Expreſſion may beome the greateſt poſ- 
ſible. For this Purpoſe let us at firſt ſuppoſe the 


* © _ — ry r 1 
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Angle » to be already known, in which Caſe the | 

Angle ꝙ will alſo be a given Quantity, and there- 
fore the F ormula Sin. 0. Col. I muſt be: a Mari- 
mum, becauſe the other Factor SGH 5 Vas ts 

| in. @ I 

juſt” Value. But we know by Trigonometry chat | 
this Product Sin. 0 . Coſ. is equal to 5 

E I Sin. IF E Wc Sin, F— 9. a 

J Hts oct was there 
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CHAP. therefore ſince Se ＋ 65 we ſhall have 


: 0 —b = n +g, hence the Sine of this Angle is 
already determined, and there now only remains 
do make the Sine of the Angle 4 + 6 as great 
as poſſible, which will Oy 8 oe when 


+0290. 


= 6: 
After this Diſcovery we only require the 


Angle 1 which may ſatisfy our Queſtion, ſince 
we have already reſolved this Problem in the 


preceding Chapter; where we have aſſigned for 


_ each Angle q the three other Angles u, @ and 9, in 
order that the Velocity of the Veſſel may be the 


greateſt poſſible for each propoſed Courſe, Here 


is therefore a very fimple Solution of the re- 


quired Problem; we have only to ſearch in the 


particular Tables, which we have given at the 
End of the preceding Chapter, the Caſe where 


the Sum of the two Angles 3 + 0 will give 
oe. and they we ſhall have for each Species of 
Veſſel the juſt Angle J, this will determine 


the Courſe F X, which the Veſſel muſt follow 
in Plying to Windward. Thus, for the firſt 


Species of Veſſel the Angle = 64: 55 gives 
E 33> which | is too ſmall, and the 
following Angle 5 = 78*: 36 gives 9 TT 
110* : 29“ which is too great ; from whence we 
ſee that it is neceſſary to take the Angle & = 


11 we ſhall chen have the Angle} = 222 
10 omen and 


* 
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4 ai 


52 the correſponding Angles ». 8 172 1 20 CHAP, 
= 252, conſequently for a Veſſel of the firſt ih. 

$ pecirs we mult regulate the Courſe for Plying 

21 Windward in the following Manner. 


30 F010 . V F. X * F = 69% 
Il, AFS =n=21 
WA F $=9= 23 
Iv. v FS= = 905 S 8 


plate III. 
Fig. 12. 


, and 


75 for the Velocity 1 we mall hank 5:25 - 04174, 
therefore 600 5 = 10414, conequendy becauſe 
4 "3 b we ſhall have 


vv =. Sin h. be FI 


| 313,2 4 
5 hence < the Tate W che Wink, ar. 
#0 47 
373,2 % 


| from whence we find this s Velocity 


. Col. 9 = = o. cy :& 1 


where 0 dengtes the e Velocity of the Wind, 


5 183 S 
By the FOR Means we dt: for the . 
other Species of Veſſel, by ſearching the Angles 
VFX =, AFS = „ AFX = , SFX 
An N＋T e, and VFS S; and alſo the Velocity 
againft the Wind v 4 Col. 4 =; Sin. 6, which 
rich R 7 will 
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CHAP, 


cam oi and 22 * y "Yds 


will Wo. reduced to. 1 Form N. 0 


Table. 


f where N expreſſes a certain Decimal Fraktion: ; 
By making the | neceſſary Calculations for each 
Species of Veſſel we ſhall obtain the n 


A TAB L E being the moſt advantagtous 


Diſpoſi tion for Phing to Windward, 


a of VF x APs Arx VFS Fradtion f 
Vaſſe i qd ot e 0. N | 
4 = 4 * ere 21* | 29%] 2271 0,0083 
8 * 5 PS, 21 | 194 | 25 011 
. | 35 e 
8 = 4 4 634 21 | 16 264 | 0 
4 2 45 b 62 | 294 | 33% 28 | 00177 
6=5 5 61+ | 20+ | 12 | 285 0,0181 
a = wy = 57 3 box 201 | 10E | 297 | 00232 

wh . | | 
: * | + 
* 2 b 1 60 | 20 10 292 | 0,0273 


With reſpect to this Table it is neceſſary to 


remark, that the Calculations are not made to 


the greateſt Preciſion, becauſe in Practice we 


+ 


7 


can never reckon upon one Degree, ſo that a 
greater Exactneſs would have been ill- placed; 
beſides, it would have ea very trouble. 


ſome 
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ſome Calculations. Thus this Table will be CHAP, 
BOP ſufficient to * us in Praciee. e VI. 


© ow 


$ $6 ET | TL 
By ebaiterng this Table we very ſoon per- 
ceive; that all the Art of a Navigator i in Plying 


to Windward is reduced to the two following | 
TER." die e 


— 


. Rule I. Regards the hogs AFS e, which 1 
the Sails ought to make with the Axe 
of the Veſſel; and we ſee that this 
Angle only varies from 21* to 20%: 
Since therefore the Difference of half 
a2 a Degree could no Ways produce any 
Change in the Effect, a Navigator 
may always diſpoſe the Sails in ſuch a 
Manner that their Obliquity, with reſ- 
| pett to the Axe of the Veſſel, be about | 
5 21˙ or rather 20. 3 ö 


kur IL Reſpects the Angle v F 8 0 under - 
which the Wind ſtrikes the Sails: 
This Angle varies in our Table from 


22˙ to 29. Since therefore Veſſels 5 


in ie appertain to ſome mean 
Species between a = 3&4 anda = 66, 
a Navigator may always take a Mean 
between theſe two Limits, which will 
do nearly 26˙, ſo that having Set the 
R 4 Sails 


24% 


„ 
Caan, de 
3 9 2 by 


Plate III. 


: Fig. 12. N 


/ 


yy 7 * 


* * p * : ? 1 
1 
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> Suits SF. according to the firſt Role, 
nothing more is required'than'to direct 
the Veſſel in ſuch. a Manner that the 
Wind may ſtrike it under an Angle 

of 2b. Hqyever it will be proper ta 
ohſerve if the Veſſel ſhould belong to 
ſome of the firſt Species, this Angle 
of 26 muſt be diminiſhed by ſome 


Degrees ; but if the Veſſel ſhould 


approach ſome- of the laſt Species, 


| _- ſame Angle muſt be increaſed 
by ſome Degrees: And it may be 


neceſſary to add, that no very bad 
Effect wall, happen in Practice, even 
ſhould a Deviation of one Degree or 
_ ſomething, more from the Rule take 
place; ſince in all Reſearches which 
relate to a Maximum or Minimum a 
| {mall Deviation is nat of any Conſe- 
quence. But when theſe Rules are 
obſerved, a Navigator may be aſſured 
e his Veſſel will run to Windward 
as quick as poſſible, although he 
© ſhould not know the Leeway or the 


I” AF; the true Value of which 


may Ry * en lou by our 
dann | 


1055 is TY proper to W . great Ad- 
van tage Which long Veſſels have over ſhort 


Ones. 


| * | 
* 
*. 


4 . WI. 
— => remains the ſame, Wehen of the firſt adhd 
Ht; 


Species iy: only ee to Windward with 
a Velocity o, 83, when thoſe of the laſt 
Species will run at the Rate of 9,02 7 Þ Which : 
is more than three Times as great; ſo that a 
Veſſel of the ſeventh Species is capable of ad- 


rant to nene _ Times as quick a as 
tg ya a actin 


1 
* yer” * 
4 I 


W, 
We 
4 


* 


. 
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| If ioftcad of Plying. directly to | Windward it 
was required to adyance in. a Direction which 
ſhould deviate a, little from it (for with reſpect 
to Directions which are very diſtant, Veſſels : ' FEY 
may run in a direct Courſe); the Method which = | 
we have before made uſe of will. as readily fur- | 
niſn us with a Solution of this Cafe; Thus, 
when the Wind blow in the Direction V F, Plate m. 
and when it is required to advance — = Fig: 13. 
Direction F U, the Angle VF U being ; 
let us ſuppoſe as before the Angle VF X = * 
where FN repreſents the Courſe of the Veſſel; 
and let the Angle under which: the: Wind ſtrikes 
che Sails be S 60; alſo let us take a' Space 
Fx , equal to the Velocity of the Veſſel, 
and from x upon F U let fall the Perpendicular 
1 73 chen becauſe the Angle UF XS - 
| it 


S 3 7 
Ah. 3 g J 
af 4-2 434 F ' * 


f 


ago 
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CHAP. it is requiſite that v. Colt 7 = Space F 8 


VI. 
— 


ſhould be a Maximum. Therefore conſidering | 


the Angles n and ꝙ as already having their juſt 


Value, it is s neceſſary that this Expreſſion 


Sin. 9. Col, y ſhould have the greateſt Value 
pollible; ; which will happen when the Sum of theſe 


two Angles 5 + 4 — .y become a right Angle, Ty 


from thence we ſhall have 3 +6 = 900 + 4. 
And nothing more will then be required than 
to ſearch in our Tables the particular Caſe 


where the Sum of the two Angles 4 + 0 


becomes equal to 90 ＋ ; from thence we 


ſhall find at the ſame time both the Angles « 


and g. But as this Queſtion is rarely to be met 
with, it would be ſuperfluous to employ any 


more time upon it, and we ſhall only remark 


that we muſt not reckon too much upon an 


exact Agreement between Experience and our 
Determinations when the Veſſel is Plying to 
Windward. The Reaſon is very evident, ſince 


nin this Caſe the Wind not only Strikes the 
Sails, but alſo Acts upon the whole Surface of 


the Veſſel, as well as the Maſts and Rigging, 


by which the Motion of the Veſſel may be very 
much obſtructed; from whence, the Effect pro- 
duced by the Sails muſt likewiſe be very con- L 


ſiderably altered, and that ſo much the more as 


the Wind is more violent; becauſe the Waves 
of the Sea will then alſo concur to rotate the 


VE: of the Vellel. 
: HAP. 
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Explanations pen the, 4 ae, n FA 


F. 


eies of Veſſel by the different Propor- 


5 tions between the Length of the Body à and its 


Breadth'b; we were led thereto by conſidering the 


Proportion between the Reſiſtance of the Fore- 
Part, and that of the greateſt tranſverſe Section of 
the Body, when each are ſuppoſed to be moved 


in a direct Manner through the Water. But hav- 


ing conſulted ſome Experiments made upon Ships . 
of War, we have ſuppoſed this wann as 


— — 25 ** - to Unity; which is an Harmonic 


Mean between the two extream Caſes, and be · 
tween which it ſeems we may conſider all Veſſels 


which are in Uſe. But we fee evidently, that 
this Hypotheſis is founded upon a certain Law, 


by which the Breadth of the Body is diminiſhed 
from the Middle to the Extremity of the Fore 
Part, or Stem; ſo that whenever the Conſtruc- 


tion of a Veſſel deviates from this Law, it 


might well happen that the Reſiſtance of the 


Fore Part would become either greater or leſs. 


than our Formula: Conſequently ſince the dif- 
ferent Deſtinations of Yeung require alſo diffe- 


rent 


&. £133 % | 
, CHAT: 


HEN we eſtabliſhed 1 the different Spe- 
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char. rent 1 for the Fore Part, we muſt 


2 


: | 
| * 
: * 
1 


Veſſel, bY 


not be ſurpriſed hen the Application of our 
© Formula often deviates from the Truth. It is 

therefore to remedy this Defect that we ſhall 
add here the following Explanations upon. the 
true Character of the different MOD of 


1 
vw +5 
* i 
& - & 4 


if - firſt ec is proper to e 0 in direct 


Courſes an Error in our Formula wauld be of 
no Conſequence, ſeeing that in Navigation it 
is a Matter of little Import, whether a Veſſel 
ſails either a little more ſiow or more quick 


than our Rule indicates, ſince we do not al- 


ways take the trouble either to meaſure the 
Velocity of the Wind, or the Surface of the 
Sails exactly, in order ta compare the actual 


Velocity of the Veſſel with our Determina- 


tion: And however great this Differenee may 
be, it will not have any Influence upon the Ma- 


nagement of Veſſels themſelves. But it is not 
the ſame in Oblique Courſes where a Know- 
ledge of the Leeway, which makes a very eſ- 
ſential Part of the Art of conducting Veſſels 
properly, depends principally on the Truth of 
our Formula: 80 that if it ſhould deviate 


much from the Truth it might occaſion very 
—_— Conſequentes. hed i ſup- 


| poſed 
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poſed the Angle A FI = A, which the acting CHAP, 
Force F makes with the Direction F A of — 

the Veſſel, and the Angle A FX Sg, which plate II 
the Courſe of the Veſſel FX makes with its Fig. * 
proper Direction F A, and which is the Lee. 
way of the Veſſel; we have eſtabliſhed con- 
formable to our Hypotheſis this Relation be- 

tween the two YE Y and . n 


29-3 3 4 


+ Tag: = 2. Tang: ? |... - 
From FORE we ſee that if this Equality ſhould 
_ deviate much from the Truth, the Rules which 
we have preſcribed for oblique Courſes might 
be productive of Errors ſufficiently conſider- 
able. But it is principally upon this Equality 
that we have eſtabliſhed the different Species of 
Veſſels, rather than upon the immediate Propor- 
tion between the Length and Breadth of the Body. 
Thus our firſt e characterized by a = 35 
mult actually contain all the r where this 


En has place Tang, ＋ = _ Tang. * 1 


even when the Proportion 5 4 40 ſhould 
be: quite different from a = 3 6. In the fame 
Manner the true Character of our ſecond « Species 


expreſſed by a= L b muſt comprehend all the 


—— — 


Veſſels where we have veTang 4= = = 244 eng * 
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VII. 


eas 


| with our Coefficient 2e 


ConftruBii on and Properties of L eels. 


or nearly Tang. 4 = 22. Tang. whatever 


the Proportion between 4 and 5 ould have; 


and it is the ſame of all the other Species. 


It is therefore from thence that we muſt judge 


to which Specie each propoſed Veſſel appertains: 


But i in order to ſhew this by an Example, let us 
ſuppoſe for any given Veſſel this Proportion 
to have place, Tang. += 50. Tang. p“, 


we have only to rw the Number 30 


3 — and we ſhall have 
Liz 188 i = 4 £5)" een 
whence we ſee that this Veſſel muſt be ranged 


berween our foutth Species Expieſied: by 


4 and the fifth denoted by a 3 
without regarding the actual Proportion be- 
tween the Long and Breadth of the Body of 


_ Veltel.” 


In order to render this Judgment general, let 
us ſuppoſe that for any propoſed Veſſel we have” 
found this Relation T ang. ** N. Tang. @*; 


a 42 
and that. we rut TH == N, from whence 


we have © _ = VN. 2N / Then king the Cube 1 5 


& 


Root he we elt re 9 2 N = 1, 
and 


Conftrudtion and Properties of Veſſe b. 


we ſee, that this veſſel muſt be related to thoſe 


of our Species which are expreſſed by a * 


although the true Proportion between the Length 
and Breadth of the Body may be very different 


from the given one. Moreover it will not be 


difficult to diſcover the Value of this Num- 
ber N by a very ſimple Experiment: Suppoſe 


the Sails to be placed obliquely to the Axe = 


AB, under an Angle A FS = », which may 
be taken at Pleaſure, then directing the Veſſel 
in ſuch a Manner that the Wind may fall per- 
pendicular upon the Sails, in order to be the 
better aſſured that the acting Force F Y is alſo 


perpendicular; in which Caſe we have nothing 


to fear from the Curvature of the Sails: : We 


ſhall then have the Angle 4 = 90 — , 


run through ſome Space, and obſezve exactly ; 


the true Courſe F X, we ſhall then know the 
Leeway, or the Angle AF X = 6. Hence 


| theſe two Angles 4 and ꝙ being determined 
by this Experimen: we. ſhall have the Num- 


ber N _ 7 . 4. 1 ; and therefore may cally 


ang. @ 


determine the true ppg to which, this Veſſel 5 


muſt be related. However, it will be always 
proper to make theſe Experiments in good 
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and therefore have a ; from whence CHAP. 
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producing a ſenſible Change in the Refiſtance 


 CoMfradies ail be of , 
from the Agi- 


tation of the Waben 


IIS 1. 
From hed Models in Miniature which re. 


peoſthr Veſſels exactly as they are, very impor- 


rat Vhcpetjments-/ogos\the-Refiftance: of. Veſ- 


ſels may be very uſefully made; and which 


is ſo much the more- neceſſary, as the Theory 
upon this Subject is ſtill very defective, as we 


have already remarked. But for this Purpoſe 


it is not neceffary that the Model ſhoulc 


tepreſent the whole Veſſel entirely; it will be 


ſufficient to expreſs exactly the Figure of the 


Body, and in particular its Surface even to a 


Degree of poliſhing z fince we have obſerved 
that a greater or leſs Smoothneſs is eapable of 


bof Veſſels. | It would therefore be ſuperfluous 


to repreſent in ſuch a Model all the interior 
Parts of the Veſſel, and ftill lefs all which is 


above the Water Line, but it is neceſfary to 


load the Model in ſuch a Manner, that when 
put into the Water its immerſed Part may cor- 


reſpond exactly to that of the Veſſel itſelf. We 


readily conceive that by making ſeveral ſuch 


ſmall Bodies of different Figures we might ob- 
tain very important Concluſions for perfecting 


the Conſtruction of Veſſels; ſince the Experi- 


ments 
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ments which we might eaſily make, would lead HAP. 


us without any difficulty to a Diſcovery of the 
good or bad Properties, which great Veſſels exe- 


VII. 


cuted according to ſuch Models ought to have 
with Reſpect to the Reſiſtance. As for the other 


Properties of Veſſels, the Theory is already ſo : 


well eſtabliſhed that we have no further Occa- 
ſion to have Recourſe to Experiments. | 


8 52. 


In order to abr theſe Experiments a 


great Baſon 11 nn is required, in which the plate IV. 
Model may move freely through a ſufficient Fig. 14. 


Space. Let ns ſuppoſe therefore, that we are 


deſirous of diſcovering the Reſiſtance which 


ſuch a ſmall Veſſel would experience from the 


Fore Part in a direct Courſe by its Motion 


through the Water; nothing more is required 


than to faſten a Thread A MN O to the Mo- 
del which paſſes over a Pulley O without the 


Baſon ; to this we ſuſpend at the other End a 


Weight P which by its Gravity will draw the 


ſmall Veſſel through the Space A MN. It is 


neceſſary to obſerve that the Thread muſt be fixed 
to the Model in ſuch a Manner, that during its 


Motion, the juſt Portion of the Body may remain 


immerſed in the Water, and that the Motion is 
made through a right Line A N in the Direc- 


tion of the Axe B A; which will be readily done 
. after 
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Confirudtion ad Peeters of Veſſels. 


CHAP. after ſome Trials are firſt made. When the Veſſel 


VII. 


begins to move, its Motion will at firſt be acce- 
lerated, but it will very ſoon acquire one that is 
uniform. Let us ſuppoſe this uniform Motion 


- happen after paſſing through the Space AM, 


and that we mark this Place M in the Baſon 
by the Line » u, then as ſoon as the Veſſel has 
arrived at this Limit M, we muſt reckon. by 


means of a Pendulum the Number of Seconds 


which is requiſite for it to run through the Space 


MN, and whenever we have obſerved this Time 


we ſhall then be able to aſſign the Reſiſtance 


- which this Veſſel will meet with in direct Courſes. 


$53; 
For this Purpoſe we muſt firſt a the 155 


Weight P to a Volume of Water equally heavy, 


then P will become an Extent of three Dimen- 


| ions ; now ſuppoſe 7 to be a Plane Surface, 
which would experience the ſame Reſiſtance as 


the Veſſel; by moving directly through the Water 
with the ſame Velocity; then r * will, expreſs 
the abſolute Reſiſtance of the Veſſel which we 
ſearch : alſo ſuppoſe v to denote the Velocity with 
which the Veſſel moves uniformly through the 


Space MN = 5s, and let the Number of Se- 


conds obſerved be repreſented by ?: Then the 


Letters 5, f and P will expreſs known Quantities, 
whilſt 7 and v'are unknown ones. Now. it is 


evident 


Confruttion and Properties of el. r 


| evident the Reſiſtance will he = — Wy, which CHAP. 


a. — 
| muſt therefore be equal to the Force P, hence 


we have this Equation 


3 Wa a . 3 
. e Ps 
burt fince the Motion is made with the velocity 
v through the Space 5 in the Time t we ſhall 


have v, or v — therefore our Win 


1 ,4>. 
133 
obtain the abſolute Reſiſtance 
We = 48-7: . : ; 
* | 
expreſſed by own . : 


will become 


=P; from whence wy 


$ 54. 

By ſuch Experiments mate upon the Models ä 
of Veſſels we may alſo diſcover the juſt Propor- Ed 
tion between the two Angles I and , which we 
have juſt expreſſed by this F ormula 
f Tang. L = N. Tang. 9*. 

We have only to confider the firſt Origin of this 
Equality, which was before derived from the 
Proportion between the Reſiſtance of the Fore 

Part and the lateral Reſiſtance, which the Veſſel 
would experience if the Motion was made in the 
Direction of the leſſer Axe of the Body: For 

OS e 


260 — _ Confiruttin and Properties of Veſſels. 
CHAP. having denoted the Reſiſtance of the Fore Part by 
A. the Letter p, and the lateral Reſiſtance by g we 


e ARE 


haxe found this Equality (ſee F 32. Book U ) 
; Tang. 4,5 735 Tang. 6. 


| But the Experiment which we have juſt de- 
ſcribed alteady diſcovers the abſolute Reſiſtance 


; of the Fore Part p = r * ; nothing more there- 

i fore is required than to make a ſimilar Expe- 
: riment in order to obtain the other abſolute | 
4 Fee a | 

/ 5 3 55: 


| For this Purpoſe the Model muſt again be put 
d into the Baſon in ſuch a Manner, that by drawing 
it through the Space MN, the Direction of the 
Motion may remain perpendicular to the great 
Axe AB; which may be eaſily done by means 


of two Threads faſtened at A and B, and joined 
| together at C: And the Veſſel is again drawn 


through the fame Space MN s by the 

ſame Weight P. Let us now ſuppoſe that the 
| lateral Reſiſtance which we ſearch is equal to 
that of a plane Surface Ræ, and that the Motion 
through the Space MN is made in T Seconds, 
then we e ſhall find, as in the preceding Caſe, 
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This Expreſſion will therefore give us the Value CH AP. 1 | 
of the Letter. V 1 VII. 


, 153 i of e Ys. 


. 
from * the Proportion between theſe 


two Refiſtances will become += = R = Ea, 


hett this Proportion will be as the Square of the c 
Times T and t, during which the ſame Space * 
MN is run through. Now becauſe | 


N 2 — is allo = 
AS 0 


therefore 6 * = * 2 2 N will be = VE =, 


and Veſtels ad upon this Model * 
| e! to the Species which we have expreſſed 
by @ n b, whatever may be the true Propor- 
tion between the N a and the Breadth h of 
the Body, _ 
Let us ſuppoſe, that by an 1 we 0 
had found the two Times 1 5 Seconds, and . 

T = 40 Seconds, then we ſhould have N = 645 


and therefore » = VN 5,04. From whence. 
we ſee that ſuch a Veſſel muſt be ranged! in our 
fifth Species 2 = 5 b nearly. And it is in general 
by this Means that we muſt apply the Rules 


before given for the Courſes of na 
ſels. Z 
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a Supplement. 


UPON THE 


= A Q'T1Q N or OARS. 


| 3 1. | 
H E Action of Rowers bile one of 
the moſt laborious, it is without doubt 
very unfortunate that only one third of their 
Exertions can be employed to put a Veſſel in 


Motion, whilſt the other two thirds are in a Man- 
ner loſt; either by raiſing the Oars out of the 


Water, or by moving them through the Air 
in order to plunge them again into the Water : : 


therefore if the whole Number of Rowers | 
be ſuppoſed = n, we can only reckon upon 


. 2 whoſe continual Exertions are employed .- 


5 
put a Veſſel in Motion': For although in ge- 


neral all the Rowers act at once in ſtriking the 
Water with their Oars, and continue to repeat 
their Strokes together, it will nevertheleſs be per- 


müted to orrele that only - 7 u of the Rowers 


3 con: 


| Supplement. 


continually act to urge the Veſſel; in a order that 


we may regard the Motion of the Veſſel as Uni- 
form, without being under the neceſũty of giving 
any attention to the alternate Accelerations and 
Retardations to which it is in Effect ſubject. Be- 


lides as the Rowers are free Agents, their Action 
is not ſuſceptible of a more exact Determination, 


becauſe a Variety of ſufficient Magnitude may 
even enter into their Efforts without its being 
almoſt known to chemſelves. 


$ 2. 

Let us at preſent conſider the Force which 
a Rower is capable of employing; at firſt 
it is neceſſary to remark, that however great 
the Efforts may be which a Rower can exert at 
Reſt, they muſt ſuffer a diminution in Proportion 
as they are obliged to put their Bodies or their 
| Members in Motion; and there will always be a 
certain degree « of Velocity which they can never 
ſurpaſs; by which means the more they ap- 


| proach it the more alſo will the Force which they 
are able to employ become leſs, and will at laft 


entirely vaniſh, As it is here of the laſt Impor- 


tance to take into Conſideration this Variability 


in the Force of the Rowers, which reſults from 
their. proper Motion ; we ſhall therefore endea- 
your to reduce it to ſome fixed Determination. 
For this Purpoſe let us ſuppoſe F to be the Force 


3 which 
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* 


which a Rower at Reſt is . of employing, 


and let c be the greateſt Velocity with which be 


can move his Members and beyond which he is 


incapable of moving the leaſt Obſtacle : It is now 
required to aſſign the Force with which this | 
Rower could act when he is obliged to move 
himſelf with a given Velocity u; but the + 
Formula which expreſſes this Force muſt be 
ſuch, that taking the Velocity « = o, the 
Force will become = | F, and muſt entirely va- 
niſh when u = c.. 


33. 


This diminution of Force is evidently cauſed 
by the Efforts which the Rowers muſt uſe in 


their own Perſons ; and by which there remains 
ſo much leſs for them to apply to the Oars. As 


free Agency itſelf or rather a Caprice may 


any Analytical Expreſſions ; but it ſeems that 


we ſhall not deviate much from the Truth, when 
we compare this Caſe with the Force of a Cur- 


rent of Water whoſe Velocity is = c, and 
which by ſtriking a Body at Reſt will exert there 
a Force = F. Now if this Body is carried 
according to the ſame Direction with a Velo- 
city = 1 leſs than c, we know that the Force 


very much influence them, it is without doubt 
Impoſſible to comprize this Variability within 


of the Current _ this 5 will then be 
SP 


Supplement: 


— SS: R 


i 
c 
that we may uſe this Formula to expreſs the 


Force of a Royer for the Caſe propoſed. But 
It is here proper to obſerve that the Letter F will | 
not ſo much expreſs an abſolute Force, as a Vo- 
lume of Water whoſe Weight is equal to the 
Force in Queſtion; and that the Letters c and 


u, which we make uſe of to expreſs the Ve- 


locities, denote the Spaces run through! in one 


Second of Time wich theſe fame Velocities. TAY 


$ 4 


Let us now conſider the Rower in Action, 


and ſuppoſe 4 to be the Velocity with which his 


Body and principally | his Arms are moved ; 


a then the Force N us exerts upon the Oars 


2 , 


will be n by this Formula F. * 1 ns, 


Therefore ſince the Number of all the Rowers 
is ſuppoſed = u, and that only one third are 
conſtantly . in Action; the. Sum of all the 
Forces which act upon the Oars in order to 
communicate Motion, to the Veſſel will be 


2 


— Fx 4 — 21 and is therefore the 
N - 


total Force which continually acts upon the 


from whence 7 . alſo ſeems 
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Plate IV. 


Fig. 16. 


à Velocity = v, then it is evident the Veſſel 


Spicer; 


| Veſtal, this for the Sake of Brevity ve fall de- 
note by the Letter . ed 


* 
0 ; 1 S 


; Ns 
LF 5 
— 


e 
Suppoſe the Line PO Q to ns an Oar 
ſupported at O upon the Side of the Veſſel, and 


the Part O P within the Veſſel be denoted by p, 


and the Part O Q without by 9; alſo ſup- 


poſing the Point P to be the Place where the 


Force of the Rower is applied, and the Point 


Q the Center of the Oar Blade, with which the 
Water is ſtruck : Becauſe the Point P of the 
Oar is drawn by the Rower in the Direction PR 
with a Velocity = u, the Line PR being perpen- 


dicular to OP; the other Point Q will receive 
a Motion according to the Direction Qs with 


| a Velocity = = * the Line Qs being i in like 


Manner perpendicular to O Q; ſince we regard 
the Oar as a Streight Line, or as a en ſup- 
e at the en O. 533 | 


' 


8 14 


Let us now conſider the Motion of the Veſ- 


ſel itſelf, which moves in the Direction A a, with 


will 


Supplement. 


Will experience the ſame Reſiſtance from the 
Water, which it would ſuffer at Reſt by the Wa- 
ter acting upon it in an oppoſite Direction 
2 A, with a Velocity = = v; this Conſideration 
enables us to regard the Veſſel as being effective- 
ly at Reſt, and the Efforts of the Rowers as 
employed to preſerve the Veſſel at Reſt in a Cur- 
rent of Water whoſe Velocity is v. In order to 
determine the Reſiſtance itſelf, ſuppoſe ? to be 
a Plane Surface, which being ſtruck in a dire& 
Manner by the ſame Current of Water would re- 
ceive a Shock equal to the Reſiſtance ſought z but 
© we know that the Force of this Reſiſtance will be 
equal to the N 7 of a Maſs of Water whoſe 


Volume i Is = . By where ry denotes the 


Height which a heavy Body will fall in one 
Second of Time. Let us alſo ſuppoſe for Bre- 


vity this Force to be denoted by the Letter R, 
then we ſhall have 


We ſhall now return to the Oar whoſe Point 
Q has a Motion in the Direction Qs with a 


Velocity = _ 3 then ſince the Water itſelf is 
carried in the Direction aA, with a Velocity 


8 we kee that the Oar is not ſtruck by 
the 
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Supplement. | 
the Water, but in Proportion as its Velocity 


2 exceeds the ee v of the Water. But : 


. 


alot the PiceRion Qs be not precfely the 


| fame as 4 A, the Difference can never be very 
_ conſiderable ; beſides we give to the Oars ſuch 


a Length, that during the Time of their paſſing : 


through the Water the Direction Q S will differ 
but little from-the Direction of the Veſſel itſelf. - 
_ Conſequently the Velocity with which the Wa- 


ter is TE . "ae Oars will be = = DELL, 


3 


"Suppoſe. nc now the *. of the Blade © or the 


Extremity of each Oar to be = 52, and that 


the Water is ſtruck by it in a perpendicular 
Manner, or nearly ſo; then the Force which 
will reſult therefrom will be e 


23233 "0. 
45 TE). - 


| whoſe Direction will be the Right Line QT, 


nearly the ſame as that of the Motion ; and as 
this Formula will exprefs the Force of one Rower 
produced at the Point P of the Oar, the Sum | 


of all theſe Forces will be ol to 


Lot eee 


F 


_ which we ſhall likewiſe for the Sake of Brevity 8 


ſuppoſe = bs Where ir is neceſſary to ob- 
ED ſerve, 


Supplement. 


ſerve, that þ * denotes the Area of the Blade 


correſponding to one Rower; for if two or more 
were attached to the ſame Oar, then h would 
only expreſs the Half or a leſs Part of the whole 
Surface of the Oar, 


8 9. 


Here therefore we have three Forces P, Q 2 
and -R, upon which depends the Solution of 


our Problem, or rather the Determination of 


the Velocity, which will be communicated to 
the Veſſel by the » Rowers which we ſuppoſe Fl 
to be attached to it; and firſt ſince we conſider . 
the Veſſel at Reſt, the Nature of the Lever 


ſuſpended at the Point O, will give us the true 


Proportion between the Forces P and Q; from 


whence we have P. ꝓ Q. g. But ſince theſe 


two Forces are only applied to the Oar, we can- 


not conſider them as immediately acting upon 
the Body of the Veſſel: For it is principally 
the Force which the Point O ſuſtains that im- 
mediately acts upon the Veſſel; this Force got 
ing therefore equal to the Sum P +.Q, th 


Point O will be. urged thereby in a Dirtion 5 
O A; now, becauſe the Rowers by forcing or 


drawing the Oars in the Direction P R, ſup- 
port their Bodies and principally their Feet 


againſt the Veſſel, there will reſult from thence 
a Force = P, and by which the, Veſſel will be 
urged backwards. Hence it is neceſſary to take 


away 
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Supplement. 

away this Force from that which is applied to 
the Point O P. Qi there will then only 
remain a © Ts = Q, by which the Veſſel will 
be urged j in the Direction 0 A. Conſequently, 
ſince the Motion of the Veſſel is ſuppoſed Uni- 
form, this Force Q muſt be preciſely equal to 
the Reſiſtance R; and therefore we have oy 
to reſolve theſe two Equations, 


aſt. P. 2 = = Q. q, and A. Q=R 


| 6 MG 
The laſt of theſe Equations Q= R, by ſub- 


ſtituting their ſuppoſed Values will give us 


Ho = GN I, —2 4 
1 PR. dee 


„ <£....: .:1*8 


Again, for the ſake of Brevicy, let us ſuppoſe | 


mM „ then we ſhall have 


bin 
f 1 N 4 15 or 1 I E 


cherefore our Equation wil be 25 . 1 2 2 v 
and conſequently a 3 


1 
7 


Supplement, 2 
1 . . 2 . 5 


i os oo OPER 
From whence we 2856 che Proportion between 
the two Parts of each Oar; when the two Velo- 
cities v and 1 and the N umber m are given. 


5 1 11. ee teralt 
Moreover, mand Q= R the firſt, Equation 
P.p= Q vill become 
| 7 — 2 1 1 
P=L.R= . 


and by ſubſtituting for P and R their abet 
Values, we ſhall obtain this new Equation, | 


TY A 
2d % 


* u 7 . v. m + 
— a . F . 1— — 7: * | 9 — 3 


OO. e 
and therefore 5 
1 1 
n 5 Sa BB 
3 6 +. 


From which we may ind the Velocity v 7 the 
Veſſel; the Force of the Rowers with their 
Number u, their Velocity «, and the Number J 
m being given, ſince we ſhall then have 


e=y 45: Fs. ES. 


—_— 
34 ee 


3 12, 


W 1 A 
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deen. 


F rom bancs e we are en to reſolve this very 


important Queſtion. 


With what N. elocity muſt the Rowers af upon the 
Oars in order to communicate the greateſt 
Velocity poſſible to the Veſſel? 

For we ſee that this Velocity would vaniſh both 1 

in the Caſe when u = o, and likewiſe in the 


Cal when # = c. It is therefore required to 
find the Value of v, in order that our Formula 
may obtain the greateſt Value poſſible, which 


will open when nen Here it is "oy 


: * * The I as * 1 24 g 


remarkable, that ſince F . 21 — 5. expreſſes 


C 


the Force. of one Rower, and 1 the velocity 


——— 


with which he . the Product F e 


Cc 


will preciſely el that which in Mechanitks 
we call the Quantity of Action: Hence this 
Truth merits all our Attention; that the 
N Velocity v communicated to he Veſſel, is 
proportional to the Cube Root of the Quantity 
of Action of the Rowers, whilſt the Letter m 


remains the ſame. But ſince 1 alſo contains the 


Number of Rowers, this Proportion will with - 


out doubt be more complicated, as we ſhall ſee 
hereafter : However it is evident that we muſt 


ues = x FA which will give the Quantity of _ 


Action 


Supplement. N 


Ackion = 51 F , and therefore the. greateſt 


velocity which the Veſſel can x acquire will by 


* Wy". 


e $1, 4 
which by bote for 1 its Value 2 TP 


will become 


then having found this Velocity each Oar muſk 
be divided at the Point O in ſuch a Manner 
thit -- | 


FF 
= LAY, 


— 
4 F 5 ; 


8 "x 7 Il 


i 4 
— 6 ? 


in which Caſe we may be aſfured that the Oars 


will be diſpoſed in the moſt advantageous Man- 
ner, and will communicate to the Veſſel. the. 
e Velocity poll ble: 


ELL 


In order to apply theſe Formulas to Practice, 
we muſt firſt aſſign to F, or the Force which a 
Man at reſt is able to employ, its juſt Value; 


and we readily conceive this Force ſhould not 


be ae greater than the Rowers can con- 
T „ tinus 
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duefhoun. 
tinue to Exert. By having recourſe to ſome 


5 2 it appears that we muſt not aug- 
ment this Force beyond thtee quarters of a 


Cubic Foot of Water, or about forty-eight 
Pounds Averdupoize. Moreover, it ſeems that 


the greateſt Velocity c which a Man can exert, 


mult not ſurpaſs ſeven Feet and a Half; there- 
fore the Value of 2 or T9 c will become two Feet 


and a Half. Fi rom hence we are able to judge 


whether a Boat, or any other Veſſel, has its 
Oars properly diſpoſed or not. For if the 


Rowers, in drawing the Oars through the 
Water, move their Arms with a greater Velocity 


than two Feet and a Half in a Second, it is a 


very certain Rule that the Work of the Rowers ; 
is not well arranged. | 


. 
Experience has alſo ſhewn us, that the Blade 
of an Oar uſed by one Man, ſhould never 


ſurpaſs Half a Square Foot, in order that the 
Oars may not be too heavy for the Management 


of the Rowers. Puring therefore þ* 7 , the 


Number of Rowers n 8 22 will be LD f ? 


_ e 


| m ä 
and by ſuppoſing the Number of Rowers 
n to be = a . *, the airy F being ex- 

3 * preſſed | 


Supplement. 


preſſed in Square Feet, fince the whole 


governed by the anti of the Refiſtaice ; 


denoted by. 7 z we ſhall then haye m* 1 82 
0 


and m = / ; 78. Moreover, ſince the Height 


2 


g = 16 Feet, the two Equations which contain 


the whole Solution of our | Problem will be- 
come 3 n 


. 
ee 
. 1 K Tos 1. 
and having found v, the other Equation will be 
2 & 02 WP 6 OS 
$ 15. 


Theſe Formulas are now very ſufficient to 


calculate a Table for any Number of Rowers, 
which will ſhew both the Velocity of the Veſſel 


or the Space run through in one Second of A 


Time, as well as the Proportion between the 


two Parts of each Oar, within and without the 
Veſſel; or rather the Value of I The 


firſt Column in the following Table _ 


repreſent the N umber of Rowers, denoted by 


1 the 
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1 Expreſſion « i, where fe is a the abſolute 
Reſiſtance expreſſed in Square Feet; and for 


_ this Purpoſe. we ſhall give to the Letter « pre- 


ciſely the Values of 1, 2, 3, 4, 5 Sc. to 40, 


and from thence to 100 by Intervals of Fi ives and 
Tens; ſince having examined a Galley with two 
Hundred and Sixty | Rowers we have found the 


abſolute Reſiſtance f* = ten Square Feet, ſo 


that the Number of Rowers was 26 F*. be The 
| ſecond Column will ſhew the Velocity of the 


Veſſel, or the Space run through in one Second; 


and the third will expreſs the Rate per Hour, | 
which | is therefore 3600. v; hs the fourth 


Column will ſhew the juſt \ Value of -—> 0 8 


= k 


denten. „„ 9 NY 277 


A TABLE nn the 0 of Rives, 
the Velocity of the Veſſel, and the Proportion 
between the two Parts of the Oat within. and 

without the Veſſel. 1 


Number of velocity | ; Rate Proportion 
Kon rs per Hour. | 922. N 
1 A eee 2; 65 
9 . 727 | 6218 2,383 
18 | 2,352 | 8468 2,570 
1 | 2.806 | 100860 | 2,710 
4f* | 3173. | 11425 
5s f* | 3-487 | 12555 | 2923 
6 | 3-764 | 135g | gout 
af * 1 4,013 14446 1 37091 
87 4,240 | 15263 | -3,i65 
927 4,449 | 16017 | 3,233 
zo f* | 4.646 | 16725 | 3,290 
n 4,827 q 17378 | 3+357 
32 f* | 4999 | 17998 | 3414 
49 A 1 $4163 | 18586 | 43,468 
14 f* | 54318 | 19145 3526 
15f* | 5-466 | 19679 | 3,568 
167 1 | |. 2,017 
A TABLE 
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* Expreſſion 4 f*, where f* 
Reſiſtance expreſſed in Square 


| this Purpoſe we mall give to th 


ciſely the Values of I, 2, 3, 45 
and from thence to 100 by Interv 


Tens; ſince having examined a 
Hundred and Sixty Rowers we 
abſolute Reſiſtance f — ten s 


that the Number of Rowers We 


ſecond Column will ſhew the 
Veſſel, or the Space run through 


and the third will expreſs the 


which is therefore 3600 . v; la 
Column will ſhew the juſt Value 


* 


nt. 1 . | derte. 


Ache TABLE A the, Ae of Rives, 
.. t#be Velocity of the Veſſel, and the Proportion 
between the two Parts of the Oar within and : 
without the V fel. 


re f*, is the abſolute 
quare Feet; and for 
e to the Letter « pre- 
3. 4. 85 Sc. to 40, | 
Intervals of Fi ives and 55 5 
ned a Galley with two Number off velocity — | Pride - 
ers we have found the | Rowers, er Second. per Hour, | O 
; ten Square Feet, ſo 5 Soong F DT") 


ers was 26 .. The — ——A—L— — 
7 the Velocity of the 


arough in one Second; 

ſs the Rate per Hour, 
vj laſtly, the fourth 
Yalue of NP 


r * 


A TABLE 


7 
47 
8f* | 1 
5 
if" 1] 


5 
10 F. 


12 K* | 
1 


147 
18 


167 


6218 
| $468 
10080 
| 11425 

12636 


13551 


14446 
15263 
16017 

16725 
1737s 
| 27998 
| 18586 
19145. 

19679 
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Supplement, 
\ Hetis we ſee that Theory does not deterniids 


any Thing upon the abſolute Length of the 
| Oars ; but if we conſider the Space through 


which the Rowers move the Point P at ne - - 


Stroke, and ſuppoſe PR = x, it is evident if 
the Part O P =p was equal to PR = 7, then 

the Oar at each Stroke would be moved through 
an Angle of 60 Degrees; by which. Meatis at 
the Commencement and End of the Stroke 
the Direction QS of the Action upon the 
Water would be ſo oblique to the Veſſel, that 
there would reſult a very ſenſible Diminution. 
Therefore ſince this Space PR may be eſti- 
mated at three Feet nearly, it is neceſſary that 
the intetior Part of the Oar OP be at leaſt five 
or ſix Feet, and thus the whole Length will now 


be determined for each Number of Rowers. 


Finally it is ſtill neceſſary to remark, that if 
Circumſtances would allow us to give a greater 
Surface to the Blade than half a ſquare Foot; 
the Velocity of the Veſſel would be conſidera- 
bly increaſed thereby; as may be ſeen by a 
Table inſerted in the Memoirs of the Academy 
of Berlin, Vol. III. Page 2 10, where I have ſup- 
poſed h to be equal to three-fourths of a ſquare 
Foot ; and we may alſo ſee that the Propor- 
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